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SHUTTLE OPERATIONS
ZERO BASE COST STUDY

PRESENTATION TO DR. LENOIR
'.
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TIME PRESENTER

INTRODUCTION AND OVERVIEW 8:00 J. COSTEllO
MISSION OPERATIONS DIRECTORATE 8:30 J. PETERSEN
LAUNCH & LANDING OPERATIONS 10:30 W. TREAT
LUNCH 12:30

SUMMARY OF ALL OTHER PROJECTS 1:00 J. COSTELLO
EXTERNAL TANK
REDESIGNED SOLID ROCKET MOTOR
SOLID ROCKET BOOSTER
ORBITER & ORBITER LOGISTICS
SPACE SHUTTLE MAIN ENGINE
SPACE SHUTTLE PROGRAM OFFICE
FlIGHT<REW OPERATIONS OFFICE

,- .OTHER PROJECTS

JSC ENGINEERING

PA YlOAD OPERA TION$
. .

PROPULSION SYSTEM INTEGRATION
SPACE & LIFE SCIENCES

SPECIAL TOPICS 4:30 J. COSTELLO
MARGINAL COST TO ADD OR DELETE ONE FLIGHT

RECOMMENDATION FOR PRODUCTION/OPERATIONS TRANSFERS

CONCLUSION 5:0°
;Z

- .

. SHUTTLE OPERA TIl;..5 ZERO BASE REVIEW

WITH DR. LENOIR

AGENDA

' :.106124"'.
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ZERO BASE OPERATIONS COST STUDY

COST STUDY STEERING GROUP
.

JIM COSTELLO

BUCK SIMMS

COCHAIRMAN

COCHAIRMAN

,-

TOM PERANTIE

KEN LASSMAN

SUZAN VOSS

ROBIN ERSKINE

ED OLIVER

RUSS BARDOS
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ZERO BASE OPERATIONS COST STUDY
PROJECT REPRESENTATIVES

ORGANIZATION REPRESENTATIVE

LAUNCH AND LANDING

LOGISTICS

PA YLOAD PROCESSING'

ENGINEERING

FLIGHT CREW OPERATIONS

MISSION OPERATIONS

ORBITER

SPACE BeLIFE SCIENCES

SSPO

ENGINEERING INTEGRATION

INTEGRATION 8. OPERATIONS

MANAGEMENT INTEGRATION.

ET

PR'OPULSION SYSTEMS INTEGRATION

RSRM

SRU

SSME

ROY THARPEIW A YNE TREAT

ROY THARPE/ANNE GAWRONSKI

ELLIOT ZIMMERMAN

WARREN BRASHER/JON HALL

DAVE LEESTMAICAROL LATTIER

PAUL DELL'OSSO/JACK PETERSEN

RALPH SCHOMBURG'

DON ROBBINS/RALPH ALBON

MAC JONES/JESSE CONTRERAS.

RON LENTZ

DAVE SCHULTZ

JODY ADAMS

LINDA POSEY

SANDY COLEMAN

JACK HOUSLEY

MIKE ALLEN
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ZERO BASE OPERATIONS COST STUDY

INITIAL OBJECTIVES DEFINED BY LETTER FROM CAPT. CRIPPEN DATED 1-17-91

.

ESTABLISH THE REQUIREMENTS FOR A MINIMUM FLIGHT RATE CAPABILITY (I.E., WHAT IS
REQUIRED TO FLY ONE FLIGHT PER YEAR) .

IDENTIFY'THE INCREMENTAL INCREASES ABOVE THE MINIMUM CAPABILITY TO ACHIEVE THE 10
FLIGHTS PER YEAR MAXIMUM RATE REFLECTED IN THE LATEST MANIFEST

OBJECTIVES AUGMENTED BY LElTER FROM DR. LENOIR DATED 3-19-91

. COMPREHENSIVE "BOlTOMS-UP" ASSESSMENT OF COSTS TO OPERATE THE SPACE SHUITLE

- ADDRESS ALL ASPECTS OF THE PROGRAM, INCLUDING OPERATIONS, PRODUCTION, AND
RELATED CAPABILITY DEVELOPMENT

IN SINGLE MISSION INCREMENTS, INDICATE COST TO PLAN AND FLY 1 MISSION PER YEAR UP
THROUGH 12 MISSIONS PER YEAR

.

. .
AT EACH STEP, [)ETERMINE WHAT A 1 TIME ONLY INCREMENT OF 1 FLIGHT WOULD COST;
ALSO A 1 TIME DECREMENT OF 1 FLIGHT

OSF RESOURCES MANAGEMENT TO CONCUR ON FINAL REPORT OR SUBMIT AN INDEPENDENT
REPORT DETAILING AREAS OF NON-CONCURRENCE

. BRIEFING EARLY JUNE, FINAL REPORT 2 WEEKS LATER

r:;
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ZERO BASED OPERATIONS COST STUDY.
COMMON GROUND RULES AND ASSUMPTIONS

. DID NOT REVIEW IN DETAIL PROJECTS WITH EXPENDITURES BELOW $10MIVEAR. PROJECTS REVIEWED
REPRESENT APPROXIMATELY 980/0 OF TOTAL OPERATIONS COSTS

THE PROGRAM CONTENT IN THE PRODUCTION !JUDGET WILL CONTINUE AT ALL'FLIGHT RATES WITH
NO CHANGES

.

. AT LOW FLIGHT RATES WHEN FACILITIES OR VEHICLES ARE NOT NEEDED TO SUPPORT THE FLIGHT
RATE, THEY ARE NOT MAINTAINED

NO COST INCLUDED FOR RETENTION OF CAPABILITY TO INCREASE FLIGHT RATE AT A LATER DATE.
NO OMDP'S PERFORMED ON ORBITER VEHICLES NOT REQUIRED TO MEETTHE STEADY STATE FLIGHT
RATE

.. NO CANNIBALIZATION OF VEHICLES FOR SPARES

.

. FLIGHTS ARE EVENLY SPACED AT ALL FLIGHT RATES, ESPECIALLY VERY LOW FLIGHT RATES

FOR 1-6 FLIGHTS PER YEAR, ASSUME 1 01 RELEASE PER YEAR. FOR 7-10, ASSUME AN 01 RELEASE
EVERY 8 MONTHS (CURRENT RATE).

.

. MINIMUM BASE FOR ASTRONAUT CORPS IS 40 ASTRONAUTS (20 T-38 PILOTS AND 16 CMDRIPILOT
ASSIGNMENTS). MINIMUM BASE SUPPORTS 1-3 FLIGHTS.

ASSUME ALL SAFETY, DOCUMENTATION, FRR REQUIREMENTS REMAIN "BUSINESS AS USUAL"

FOR EACH FLIGHT RATE CASE, THAT FLIGHT RATE IS THE ASSUMED STEADY STATE FLIGHT RATE FOR
ALL FUTURE YEARS

In

.

.
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ZERO BASE OPERATIONS COST STUDY'
TOTAL. SPACE SHUTTLE
TOTAL COSTSUMMARY
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ZERO BASE OPERATIONS COST STUDY.
GENERAL CATEGORIES

FLIGHT HARDWARE BUILD & PROCESSING

. ...

GROUND FACILITY MIO

ET, SRM, SRB .HARDWARE BUILDUP COSTS

ORBITER AND SSME . LOGISTICS/SPARES, ET DISCONNECTS, FEPC, RMS
PROPELLANTS
LAUNCH PROCESSING AND PAYLOAD PROCESSING
CREW EQUIPMENT .
SPC MIO -OPF, VAB, LCC, MlP, PAD, ET/SRB STACKING
STSOC MIO. MCC, SMS, SAil, FDCF, MAil
ET FACILITY MIO -MICHOUD, SLIDEll
HOSe
Jse MoeKUPS AND TRAINERS. WETF, P/l MOCKUPS
Jse MEDICAL LABORATORIES
FLIGHT SUPPORT ANALYSIS AND ANOMALY RESOLUTION. ALL PROJECTS
ORBITER SUSTAINING ENGINEERING (EXCEPT FOR BACKUP FLIGHT SOFTWJ
LAUNCH SUPPORT SERVICES. All PROJECTS
JSC ENGINEERING DIRECTORATE (EXCEPT FOR FLIGHT DATA SYSTEMS, I.E. I

PRIME)

SHUTTLE PROGRAM OFFICE ENGINEERING INTEGRATION AND PAYLOAD
INTEGRATION

DIRECT SUPPORT TO MISSION OPERATIONS DIVISIONS (lOE)

FCOD -AIRCRAFT MIO, ASTRONAUT SUPPORT

IBM PRIME, ORBITER BFS, SDF, SPF
SSPO MGMT INTEGRATION, MSFC SYSTEMS

FLIGHT HARDWARE SUST ENG

"

MISSION TRAINING & OPERATIONS

FLIGHT SOFTWARE

PROGRAM MGMT & INTEGRATION

l
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ZERO BASE OPERATIONS COST STUDY
ONE FLIGHT BASE COST - FY94

FLT H/W OLD & PROC 44CJt

GROUND FACilITY M&O 22"

PROG MGMT/INTEG 4CJt

FllGUT SOFTWARE4"

MISSION TRNG & OPS 9"

FLT H/W SUST ENG 11"

/11
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ZERO BASE OPERATIONS COST STUDY
ONE FLIGHT BASE MANPOWER - FY94

GROUND FACILITY M&O.30'l,

FLT H/W OLD & PROC 36'1.

PROG MGMT INTEG 4%

FLIGHT SOFT WARE 0%

MINIMUM BASE IN FY 94

FLT H/W BLD . 'ROC 5444
GRD FAC M I: 0 "4"FLT H/W SUST ENG 17...
FLTHDW SUST ENG 2536
MISSION OPERATIONS 1118'
FLIGHT SOFTWARE 926
PROG MGMT I: INTEG 549

SUBTOTAL 15050 EP'S

MISSION OPERATIONS 7'1,
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ZERO BASE OPERATIONS COST STUDY
BASE COST - FY 94
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PROJECT FLIGHT RATE ($)
. 1 2 3 4 5 6 1 8 9

LAUNCH OPERATIONS 100.0 108.0 115.1 150.4 160.1 169.4 199.1 211.8 218.2
EXTERNAL TANK 100.0 100.0 100.0 100.0 104.2 108.6 113.3 118.3 122.6
REDESIGNED SOLID ROCKET MOTOR 100.0 100.0 106.5 113.5 126.1 135.2 146.4 155.5 162.4
MISSION OPERATIONS 100.0 104.1 101.6 110.2 115.4 119.3 125.5 128.1 131.6
ORBITER 100.0 101.9 104.1 116.6 122.7 126.5 136.2 139.0 142.6
SHUTTLE LOGISTICS 100.0 105.4 112.1 119.6 125.4 134.8 148.3 159.2 110.2
SOLID ROCKET BOOSTER 100.0 102.7 111.4 119.5 129.2 135.8 148.1 155.5 165.8
SPACE SHUTTLE MAIN ENGINE 100.0 100.0 100.0 111.2 122.9 128.7 131.1 143.3 151.0
SPACE SHUTTLE PROGRAM OFFICE 100.0 101.2 103.6 101.7 112.8 118.9 123.9 128.7 133.5
OTHER
- ENGINEERING 100.0 100.4 101.7 104.3 110.0 114.0 115.0 118.5 119.8
- FLIGHT CREW OPERATIONS 100.0 100.0 100.0 112.7 112.7 119.6 121.2 139.6 139.6
- PAYLOAD OPERATIONS 100.0 100.7 171.5 210.6 226.8 269.0 213.9 218.9 297.9
- PROPULSION SYSTEMS INTEGRATION 100.0 103.2 104.8 111.7 111.7 115.3 119.4 119.4 119.4
- SPACE AND LIFE SCIENCES 100.0 110.7 110.7 110.7 110.1 t21.4 122.5 122.5 122.5
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29..Jun-91 ZERO BASE OPERATIONS COST STUDY
ALL PROJECTS

PERCENT INCREASE OVER BASE -- FY 94 IN RY $
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PROJECT FLIGHT RATE ($)
1 2 3 4 5 8 7 8 9 11

LAUNCH OPERATIONS. 318.9 344.5 387.1 479.8 512.5 540.3 838.8 875.5 689.5 702.4
EXTEANALTANK 389.3 389.3 389.3 389.3 405.5 422.6 441.0 460.6 477.1 493.:
REDESIGNED SOLID ROCKET MOTOR . 281.2 281.2 299.5 319.1 354.7 380.1 411.7 437.3 458.8 476.:
MISSION OPERATIONS 249.1 259.2 268.0 274.4 287.5 297.2 312.5 320.6 327.9 333.4
ORBITER 145.2 148.0 152.0 169.3 178.2 183.7 197.7 201.9 207.0 '210.1
LOGISTICS. 119.6 128.0 133.9 142.9 149.9 181.1 177.2 190.2 .203.4 209.:
SOLID ROCKET BOOSTER 111.0 114.0 123.7 132.6 143.4 150.7 164.4 172.6 184.0 193.:
SPACE SHUTTLE MAIN ENGINE 91.6 91.6 91.6 107.4 112.6 117.9 128.1 131.3 138.3 143.1
SPACE SHUTTLE PROGRAM OFFICE 140.3 142.0 145.4 151~1 158.2 166.8 173.9 180.6 187.3 193.4
OTHER.
- ENGINEERING 76.9 77.2 78.2 80.2 84.8 87.7 88.4 91.1 92.1 92.1

- FLIGHT CREW OPERATIONS 43.4 43.4 43.4 48.9 48.9 51.9 52.8 80.6 60.8 60.1

- PAYlOAD OPERATIONS 14.2 14.3 25.2 29.9 32.2 38.2 38.9 39.6 42.3 43.4

- PROPULSION SYSTEMS INTEGRATION 24.8 25.8 26.0 27.7 27.7 28.8 29.6 29.8 29.8 29.1

- SPACE AND LIFE SCIENCES 18.7 20.7 20.7 20.7 20.7 22.7 22.9 22.9 22.9 24.J

.'-
..

29-Jun-91 ZERO BASE OPERATIONS COST STUDY
ALL PROJECTS

SHUTTLE OPERATIONS COSTS -- FY 94 IN RY $

TOTAL FOR PROJECTS REVIEWED 2024.1 2077.0 2184.0 2373.1 2518.8 2849.5 2873.7 3014.4 3118.8 3205.~

/'-1
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SPACE SHUnLE PROGRAM
ZERO BASE OPERATIONS COST STUDY

SHUTILE OPERATIONS COSTS -- FY94 IN RY S

(RY S IN BILLIONS)
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EXTERNAL TANK'
. ZERO BASE OPERATIONS COST STUDY
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ZERO BASE OPERATIONS COST STUDY
EXTERNAL TANK

GROUNDRULES AND ASSUMPTIONS

, ,

. INCREMENTS FOR ANALYSES ARE BASED UPON MINIMUM .SKILLS, WORK
STATION SHIFTING REQUIREMENTS, AND MAXIMUM FLIGHT RATE

. TOucH LABOR INCREMENTS BASED UPON MINIMUM SKILL LEVELS AND
AVERAGE UNIT VALUES DEVELOPED FROM AN 84% LEARNING CURVE

. ZERO BASE COST INCREMENTS WILL NOT EQUATE TO THE POP 91-1 SUOMI
DUE TO COSTS BEING BASED UPON STEADY-STATE CONDITIONS WHICH
EXCLUDE BUILDUPS TO SUPPORT RAMP RATE INCREASES, COST
REDUCTION INITIATIVES, AND CONSIDERATIONS FOR CURRENT
INVENTORIES
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ZERO BASE OPERATIONS COST STUDY
EXTERNAL TANK

GROUNDRULES AND ASSUMPTIONS

"

.

. INCREMENTS FOR ANALYSES ARE BASED UPON MINIMUM .SKlllS, WORK
STATION SHIFTING REQUIREMENTS, AND MAXIMUM FLIGHT RATE

. TOUCH LABOR INCREMENTS BASED UPON MINIMUM SKILL LEVELS AND
AVERAGE UNIT VALUES DEVELOPED FROM AN 84% lEARNING CURVE

. ZERO BASE COST INCREMENTS Will NOT EQUATE TO THE POP 91-1 SUBMIl
DUE TO COSTS BEING BASED UPON STEADY-STATE CONDITIONS WHICH
EXCLUDE BUilDUPS TO SUPPORT RAMP RATE INCREASES, COST
REDUCTION INITIATIVES,'AND CONSIDERATIONS FOR CURRENT
INVENTORIES
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PROJECT ELEMENT FLIGHT RATE ($)
1 2 3 4 5 6 7 8 9

ET BASIC PRODUCTION 249.4 249.4 249.4 249.4 265.4 282.4 300.7 320.2 336.6 35~
ET FLIGHT SUPPORT 18.4 18.4 18.4 18.4 18.4 18.4 18.4 18.4 18.4 1(

ET LOGISTICS 2.3 2.3 2.3 2.3 2.5 2.6 2.7 2.8 2.9 .0:
"

ET LAUNCH SUPPORT SERVICES 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 f- 9.6 9.6 9.6 9.6ET TECHNICAL DIRECTIVES 9.6 9.6 9.6 9.6 9.6 !
ET SLIDELL COMPUTER COMPLEX 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 11.2 l'
ET TE&A 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 .
ET FACILITIES
ET - FACILITIES SELF-SUSTAINING 49.7 49.7 49.7 49.7 49.7 49.7 49.7 49.7 49.7 4!
ET - PLANT OPERATIONS 31.7 31.7 31.7 31.7 31.7 31.7 31.7 31.7 31.7 3'

ET - MAF COMMUNICATIONS 4.1 4.1 4.1 4.1 4.1 4.1 4.1- 4.1 4.1' .

TOTAL 389.3 389.3 389.3 389.3 405.5 422.6 441.0 460.6 477.1 4!

. .
,,-

27-Jun-91 ZERO BASE OPERATIONS COST STUDY
MSFC - EXTERNAL TANK

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $
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, EXTERNAL TANK

ZERO BASE OPERATIONS COST STUDY
BASIC PRODUCTION

FY94

4/YEAR 8/YEAR 10IYEAR

MARTIN MARIETTA LABOR

TOUCH RELATED (All vro.,/Int.C) . S 45.8M 67.6 80.2
(496EP) (746) (888)

EQUIV. UNIT RELATED S 59.2M 72.3 76.1

, IV/ (641EP) (807) (856)

TIMEITASK (~/~/~J') S 64.3M 64.3 ,64.3
(697EP) (697) (697)

r~A TERIAL 8. SUBCONTRACTS

VARIABLE S 40.9M 73.3 88.1

. SEMI-FIXED S 11.5M 13.4 13.8

FIXED S 20.5M 20.5 20.5

OTHER COSTS S 7.2M 8.8 9.6

BASIC PRODUCTION S 249.4M $320.2M $352.6M
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. BASIC PRODUCTION . FIXED

LAUNCH FACILITIES
TOUCH EQ. UNIT TECHNICAL FLIGHT SUPPORT SELF

RELATED RELATED TIM EfTASK DIRECTIVES SUPPORT SERVICES SUSTAINING TOTAL

ENGINEERING

@4 44 23 107 15 116 59 --- 364

@8 51 36 107 15 116 59 -.. 384
@10 55 41 107 15 116 59 --- 393

TOOLING
@4 33 78 --. -.- ... -.. ... 111
@8 37 91 --- . -.- ..- --. ..- 128

@10 39 95 -.- --- -.- -.- ..- 134-- .
TOUCH

@4 .230 --. -.- --. .-- -.- --- 230

@8 .404 -.- ... -.. .-. .-. .-- 404
@10 503 ..- -.- -.- ..- --- .-- 503

MGF. SPT.

@4 106 239 99 29 3 --- 4 480

@8 132 317 99 29 3 .-- 4 584

@10 143 347 99 29 3 --- 4 625

-
ID"W9 II

. EXTERNAL TANK

ZERO BASE OPERATIONS COST STUDY
MANPOWER REQUIREMENTS

(EQUIVALENT)



.
ESTIMATING BASIS

EQUIVALENT UNITS . TIME AND TASK
DEPARTMENT TOUCH RELATED RELATED RELATED

ENGINEERING Conceptual Design Dev. Uason support to Produdlon Engineering Administration
Prepare/Maintain System adlons, Support MRDIn Change processing, Spedal
Drawings, Support PDR'S & resolving anomalies, Maintain proJeds, production
COR'S,Contractual Documen- FMEAlCll,Maintain Improvements, Scheduling
tatlon, Compliance with IIF acceptance test requirements and estimating
definition

TOOLING. DeslgnlFab/Mod Replacement AdmlnlstratlonlPlannlng/Sche-
Tools, Tool Maintenance & dullng of Tooling Replacement
Repair and Tooling Maintenance & .

Repair, Fabrication dies, jigs,
fixtures, and other spedalized
tools

,

I:
'. .

(';'j

'\:':"
'Il!!
',C'

.~;;

.-:
~

i"':

if'

i:;

l'
~f..
:;D.:

~r:~
;

i\:

h
,~ :
,:.

;:I
t,;;.

~~:
f.~

1\'"
i.~t
~~j
:.,';
;;i:
'J.

:~
r
l

.J
i ~; 'j;

l

d
\'j
i:
"
I:
t!
to
Ii(,

I~t,

'I,-
J.,
J.j

;
I
,!

, . ,.....,
r J"lj

. EXTERNAL TANK
ZERO BASE OPERATIONS COST STUDY

MMC LABOR TASKS

BASIC PRODUCTION. SUPPORT DEPARTMENTS



ESTIMATING BASIS

EQUIVALENT UNITS TIME AND TASK
DEPARTMENT TOUCH RELATED RELATED RELATED

MANUFACTURING Supervise and train "Bulld" Industrial/Production Estimating Change Control,
SUPPORT employees In Structures, TPS Engineering. Production Industrial Mgmt., Methods

and Final Any. Supervise and Control, Work Order Setup. and Standards. Produdlon
train Production Engineers' Transportation and Handling, Improvements, Master Plans

MAR's support, floor support and Stheduling
to resolve problems

INSPECTION Returrlng Inspection of ET Recurring Inspection of Tool
-' ' Hardware and Tooling Maintenance

Maintenance

QUALITYASSURANCE Inspection Supervision, Manu- Production Floor Quality Quality Administration,
SUPPORT faduring Handling Plan Compliance, Vendor Procedures Development,

compliante on Critical Surveillante, Process Control Records Retention, ADP
Hardware moves Development, Retelving & Development and Support,

Shipping, Non-destructive Production Improvements,
testing and evaluation Maintain dept. and company

procedures '

,<t" .. .,-
U.." )61171911)

.

EXTERNALTANK

ZERO BASE OPERATIONS COST STUDY

MMC LABOR TASKS

BASIC PRODUCTION. SUPPORT DEPARTMENTS

.,.



. BASIC PRODUCTION FIXED
LAUNCH FACILITIES

TOUCH EQ. UNIT TECHNICAL FLIGHT SUPPORT SELF
REtATED RELATED TIM Err ASK DIRECTIVES SUPPORT SERVICES SUSTAINING TOTj

INSPECTION
@4 60 5 .- ... .-. ... .-- 6
@8 88 6 -. - - .-- - 9

@10 109 6 --- -- .-- --- -.- 11

QUALITY SUPPORT
@4 23 149 41 13 19 --- 6 25
@8 34 176 41 13 19 _e. 6 28

@10
'

39 186 41 13 19 --- 6 30.

PERF. ENHANCEMENT
@4 - ... 18 2 -.- --- -.. 2
@8 .- .-. 18 2 ... .-- -.- 2

@10 -- .-- 18 2 ..- --- -.. 2
MATERIAL

@4 ..- 4 31 ..- ... --- 1 3
@8 ... 8 31 .-. ..- ..- 1 4

@10 _e. 8 31 -- .-- --_. 1 4
-
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EXTERNAL TANK
ZERO BASE OPERATIONS COST STUDY

MANPOWER REQUIREMENTS
(EQUIVALENT)

. "



. BASIC PRODUCTION FIXED
LAUNCH FACILITIES

TOUCH EQ. UNIT TECHNICAL FLIGHT SUPPORT SELF
RELATED RELATED TIM EfTASK DIRECTIVES SUPPORT SERVICES SUSTAINING TOTAL

CONTRACTS
@4 -.- -- 20 --- 17 -.. 2 39

@8" --- --- 20 -.- 17 ... 2 39

@10 ... ... 20 ... 17 --. 2 39
FINANCE

@4 --. --. 27 .-. 1 -.- 1 29
@8 -.- . -. 27 ... 1 -.- 1 29

@10 -.- --- 27 ..- 1 -.- 1 29

PLANNING
@4 -.. ... 22 6 4 -.- -.. 32

@8 .-- ... 22 6 4 ... ... 32

@10 .-. -.. 22 6 4 ... -.. 32

HUMAN RESOURCES

@4 -.- ... 17 -.. ... .-. 19 36
@8 ..- 1 17 ... ... ... 19 37

@10 -.- 1 17 ... ... ... 19 37

-
~. . . (J' "27191.10

EXTERNAL TANK

ZERO BASE OPERATIONS COST STUDY

MANPOWER REQUIREMENTS

(EQUIVALENT)

'11.



. BASIC PRODUCTION FIXED
. lAUNCH FACILITIES

TOUCH EQ. UNIT TECHNICAL FLIGHT SUPPORT SELF
RELATEQ RELATED TIMEITASK DIRECTIVES SUPPORT SERVICES SUSTAINING TOT

MIS

@4 .- ... 138 ... 17 ... 1 15
@8 ... ... 138 ... 17 ... 1 1!

@10 ... ... 138 ... 17 ... 1 1~
SECURITY

@4 ... ... -. ... ... ... 105 1(
@8 -. ... ... ... ... ... 105 U

@10 ... ... -. ... ... ... 105 U

FACILITIES

@4 ... 143 177 ... ... ... 297 61
@8 ... 172 177 ... ... ... 297 6~

@10 ... 172 177 ... ... ... 297 6~

TOTAL'
'@4 496 641 697 65 177 59 436 25~
@8 746 807 697 65 177 59 436 291

@10 8B8 856 697 65 177 59 436 31~

.-.

n' 6/1J

EXTERNAL TANK
ZERO BASE OPERATIONS COST STUDY

MANPOWER REQUIREMENTS

(EQUIVALENT)
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. ESTIMATING BASIS

EQUIVALENT UNITS TIME AND TASK
DEPARTMENT TOUCH RELATED . RELATED RELATED

FACILITIES Facilities Planning, Facilities Environmental Engineering,
Administration, Help Desk, Equipment Engineering, R&A
Crib (storage), Plant Craft, R&AEngineering,
Malntenante, FatUities Malntenante Engineering,
Operations, (rltltal Systems General Maintenante, IWTF
Malntenante, Waste Disposal Malntenante, Computer

Support

,.-
(J' 6/21191 II

EXTER~AL TANK

ZERO BASE OPERATIONS COST STUDY

MMC LABOR TASKS

BASIC PRODUCTION. SUPPORT DEPARTMENTS
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EXTERNAL TANK
ZERO BASE COST STUDY

BASIC PRODUCTION
MATERIAL AND SUBCONTRACTS -VARIABLE COST

UUle... .7191.

. EACH INCREMENT BASED UPON AN 'FY91 STEADY STATE ENVIRONMENT

STEADY STATE ENVIRONMENT IMPLES NO GAPPING TO VENDORS

. A CONTINUED 4IYR DELIVERY RATE COULD IMPACT EFFICIENCY AT VENDORS IF MSS IS A
,SIGNIFICANT PERCENT OF SUPPLIER BASE

.

. THE AVERAGE COST OF A FLIGHT HARDWARE SHIPSET IS $9.3M (BURDENED)

FY94$
BURDENED
TOTAL

$40.9M

$73.3M

$88.1 M

@41YR

@81YR

@101YR

AVG.

$10.2M

$9.2M

$8.8M

. FLIGHT HARDWARE SHIPSET COST IMPROVEMENTS

. 73% OF THE FLlGHT.BILL.OF.MATERIALS WAS RECOMPETED BETWEEN 4TH AND 5TH BUYS
RESULTING IN COST BENEFITS:

. 4TH BUY

5TH BUY

FY91~

$8.9M

.6.0



2.8 3.2 3.2
.8 1.4 1.5

3.6 4.6 4.7

11.5 13.4 13.8

11' "17I'U9

EXTERhAL TANK

ZERO BASE OPERATIONS COST STUDY

BASIC PRODUCTION

MATERIAL AND SUBCONTRACTS -SEMI-FIXED
($ IN MilLIONS).

@4IYEAR
FY94

@8IYEAR ~10IYEAR. PRODUCTION OPERATIONS
. TOOLING MAINTENANCE
. TEST PANELS

TOTAL

7.8
~

7.9

8.5
.3

8.8

8.6
.5

9.1

. FACILITIES

. MAINTENANCE AND SUPPLIES

. WASTE DISPOSAL

TOTAL

. TOTAL

. BURDENED

"" '"
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EXTERt4AL TANK
ZERO BASE COST STUDY

BASIC PRODUCTION
MATERIAL & SUBCONTRACTS - FIXED

.1

J
~

~

~

ij

i
~

. ..i.
F.
I.
i.
~
I
\

. f
. <
\ ;'

. ENGINEERING. FAILURE ANALYSIS ACTIVITIESIN ENGINEERING LABS. SUPPORT QUALIFICATION OF NEW VENDORS. PRODUCTION TESTING. TPS SAMPLES. SUPPORTSPECIALENGINEERINGPROJECTS. SUPPORT MFG. PROCESS IMPROVEMENTS

. PRODUCTION OPERATIONS. SUPPORT MFG. PROCESS IMPROVEMENTS

" .J
! .1

. PRODUCT ASSURANCE. SUBCONTRACTEFFORTFORVALIDATINGMANUFACTURING AND INSPECTION
PROCESS. WITNESSING FABRICATION. CALIBRATION OF TESTING EQUIPMENT. QUALITY LAB SUPPLIES

. FACILITIES. MANUFACTURING AREA JANITORIALAND R&A. ADPE MAINTENANCE AND SUPPLIES. AIR AND GROUNDWATER LAB ANALYSIS

'.
.

t-

.;

j
.

. OTHER. SOFTWARE MAINTENANCE AND SUPPLIES

. P~RSONNEL TRAINING AND SUPPLIES



r .

EXTERNAL TANK
. .

ZERO BASE OPERATIONS COST STUDY
BASIC PRODUCTION

MATERIAL & SUBCONTRACTS - FIXED
(S IN MILLIONS).

. ENGINEERING'

. PRODUCTION.

. PRODUCT ASSURANCE

. FACILITIES.

. OTHER

@4NEAR

2.1

.7

.8
16.0

.3

TOTAL 20.5

.. BURDENED

FV94
.@8NEAR

2.7
.1
.8

16.0

.3

20.5

.-
u ,

"17"U1

"

.@10IVEAR

2.7

.7

.8

16.0

.3

20.5



: ..j 4/YEAR 8/YEAR 10/YEAR
i FLIGHT SUPPORT - FIXED COSTS.,

I 'j
. i!

"

MCC lABOR S 18.4M 18.4 18.4

i (177EP) (177) . (177)
., .
\ lOGISTICSI

, ,j
. of

MATERIAL AND SUBCONTRACTS,

VARIABLE - BARGE MOVEMENT S .4M .9 1.1
. ..

'i
FIXED. BARGE OVERHAUL S 1.9M 1.9 1.9

(:
TOTAL lOGISTICS S 2.3M 2.8 3.0;.

1 ;
lAUNCH SUPPORT SERVICES

.

"
,. .

MMC LABOR S 6~4M 6.4 6.4,

"
(59EP) (59) (59).',

. . TECHNICAL DIRECTIVES
.'"' $MMC LABOR 6.4M 6.4 6.4

(65EP) (65) (65)
. MATERIAL AND SUBCONTRACTORS $ 3.2M 3.2 3.2-
.' TOTAL TECHNICAL DIRECTIVES $ 9.6M 9.6 9.6
..,

SLIDEll COMPUTING COMPLEX OPERATIONS $ 11.2M 11.2 11.2

TE&A (STE, I&PS, RI, ,SM&QA) $ 6.~M 6.5 6.5

i . .-
.ID.I

. EXTERNAL TANK
ZERO BASE OPERATIONS COST STUDY

FY94



4NEAR 8NEAR 10IYEAR
FACILITIES SELF-SUSTAINING

MCC LABOR S . 33.8M 33.8 33.8
(436EP) (436) (436)

MATERIAL AND SUBCONTRACTS S 15.9M 15.9 15.9

TOTAL FACILITIES SELF-SUSTAINING S 49.7M 49.7 49.7

PLANT OPERATIONS S 31.7M 31.7 31.7

MAF COMMUNICATIONS $ 4.1M 4.1 4.1

TOTAL FACILITIES RELATED S 85.5M 85.5 85.5

. , -.
f' ') 6127191.7

EXTERNAL TANK

ZERO BASE OPERATIONS COST STUDY

FACILITIES RELATED TASKS

FY94

"



-
BASIC PRODUCTION FIXED

.
.

LAUNCH FACILITIES

TOUCH EQ. UNIT TECHNICAL FLIGHT SUPPORT SELF
RELATED RELATED TIMEITASK DIRECTIVES SUPPORT SERVICES SUSTAINING T01

MIS

@4 ... -. 138 ... 17 ... 1 1~

-
@8 ... ... 138 ... 17 ... 1 1!

@10 ... ... 138 -. 17 ... 1 1!

SECURITY

@4 ... ... -. -. ... ... 105 11

@8 .- ... -. -. ... ... 105 11

@10 ... ... -. ... ... ... 105 1~

FACILITIES

@4 ... 143 177 ... ... ... 297 6'

@8 ... 172 177 ... ... ... 297 64

@10 ... 172 177 ... ... ... 297 6,

TOTAL

@4 496, 641 697 65 177 59 436 25'

@8 746 807 697 65 177 59 436 291

@10 888 856 697 65 177 59 436 31'
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ZERO BASE OPERATIONS COST STUDY
MSFC SPACE SHUTTLE

RSRM PROJECT

GENERAL GROUNDRULES/ASSUMPTIONS

BASIS OF ESTIMATE IS POP 91-' OPERATIONS DATA BASE

ASSUMES CONSTANT LAUNCH RATES (2NR - 10/VR) FOR FY91 . FY97 BUDGET

SEVERANCE PAYITRAINING FOR LAYOFFS/RAMP.UPS HAVE NOT BEEN INCLUDED
. .

THE IMPACT OF RSRME IMPLEMENTATION, QUALIFICATION, AND SAVINGS ARE EXCLUDED

ASSUMES NO SHUTDOWN OF VENDORS OR FACILITIES

ASSUMES ONE FSM STATIC TEST PER YEAR

ASSUMES BUYOUT OF AP SURCHARGE AND AT 6 FLIGHTS PER YEAR, ASSUME ONLY 1 SUPPLIER
OF AP REQUIRED

. LABOR RATES AND OVERHEADS WERE ADJUSTED FOR FLIGHT RATE IMPUCATIONS



PROJECT ElEMENT fliGHT RATE
1 2 3 .. 5 8 7 8 91

RSRM MANUFACTURING 94.6 94.6 98.2 102.6 114.9 119.4 124.3 130.3 135.7
i

RSRM ENGINEERING/MGMT/OTHER 43.6 43.6 44.1 44.6 47.2 49.1 50.2 52.1 52.1!
RSRM SR&QA 36.7 36.7 38.1 40.6 42.8 46.6 49.9 54.3 54.21
RSRM AMMONIUM PERCHLORATE 7.7 7.7 11.1 14.2 16.9 19.5 32.2 36.6 41.0!
RSRM OTHER MATERIALS 14.2 14.2 19.5 24.2 31.8 39.3 44.6 48.2 62.9'
RSRM SUBCONTRACTS 7.4 7.4 8.3 9.2 10.8 12.2 13.3 14.8 17.9
RSRM ODC 11.9 11.9 12.6 13.4 14.9 15.8 17.0 18.2 19.0
RSRM GM & FEE 65.1 66.1 67.6 70.3 75.4. 78.2 80.2 82.8 84.0

:

I

- 281.2 281.2 299.5 319.1 354.7 380.1 411.7 437.3 456.8TOTAL
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28-Jun-91 ZERO BASE OPERATIONS COST STUDY

MSFC - REDESIGNED SOLID ROCKET MOTOR
SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $



. JD"l.'" "
M~FC

ZERO BASE OPERATIONS COST STUDY
RSRM PROJECT

MAJOR DRIVERS TO THE MINIMUM BASE

FliGHTSIYEAR

BASE (2 FLIGHTS)

RATIONALE

. MANUFACTURING - ASSUMES PRESENT WORK CENTER STRUCTURE,

WORKSTATION CAPACITY, AND SKILL LEVELS REQUIRED TO ACCOMPLISH

EACH OPERATION

. ENGINEERING/MGMT/OTHER - CRITICAL SKILLS RETENTION.

. SR&QA - ASSUMES WORK CENTER STRUCTURE AND WORKSTATION

CAPACITY
.

. AMMONIUM PERCHLORATE - MINIMUM BUY FROM KERR-MCGEE IS 2
SHIPSETS OF MATERIAL. A.SSUME WECCO IS SHUT DOWN.

. OTHER MATERIALS AND SUBCONTRACTS - PRICEp REQUIRED QUANTITIES,

ADJUSTED UP FOR REDUCED QUANTITIES
.

. ODC - INDIVIDUAL ESTIMATES, I.E., LEASES = SAME AS POP 91-1, TRAVEU

COMPUTER FUNCTION OF MANPOWER

. OVERRIDING DRIVERS - 2 PER YEAR BASE PRIMARILY DRIVEN BY

CORPORATE RECOMMENDATION. COST EFFECTIVENESS IMPLIES BASE OF

APPROXIMATELY 4 FliGHTSIYEAR.

--::JC
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ZERO BASE OPERATIONS COST STUDY
RSRM PROJECT

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

t
;~

.~
:1

FliGHTSIYEAR

2 (BASE)

3

4

5

6

1

RATIONALE

,
i

." ).

I,
,

8

9

10

. MANUFACTURING SUPPORT AND TOUCH LABOR; 1 Fl T SET MATERIAL

. MANUFACTURING SUPPORT AND TOUCH LABOR; 1 FLT SET MATERIAL

. MANUFACTURING SUPPORT AND TOUCH LABOR; 1 FLT SET MATERIAL. MANUFACTURING/SR&QA TOUCH LABOR; 1 FLT SET MATERIAL
. . MANUFACTURING/SR&QA TOUCH LABOR; 1 FLT SET MATERIAL

ADD WECCO AS SECOND SOURCE FOR AMMONIUM PERCHLORATE

. MANUFACTURING SR&QA TOUCH LABOR; 1'FL T SET MATERIAL. MANUFACTURING TOUCH LABOR; 1 FLT SET MATERIAL. MANUFACTURING TOUCH LABOR; 1 FLT SET MATERIAL

J:.,'.,.

.,
"

;(
.1;
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500 -
ENGINEERING

0-

1 2 :I 4 5 6 7 8 9 1"
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:5.1.24

MSFC SPACE SHUTTLE
RSRM PROJECT

ZERO BASE OPERATIONS COST STUDY
JULY 2,.1991

MANPOWER SUMMARY BY FUNCTION - FY94

6 SR&OA .

0 PROGRAM MANAGEMENT/OTHER
0 MANUFACTURING
)( ENGINEERING

CUM MANPOWER (MYE's)

4000

3500

3000

2500 -

1500 -

SR&OA2000-

PROGRAM MANAGEMENT/OTHER

1000 MANUFACTURING
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522

-

. RSRM PROGRAM
ZERO BASED OPERATIONS COST. STUDY.

TOTAL LABOR -- FY94

MANUFACTURING CENTER
1169

ENGINEERING
460

TOOlING
1.t5

SUPPOR T 5911
155.tFACILITIES/TEST

133

PROJECT MGMT IOTHER
174

10 FLIGHTS/YEAR
2842
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6/24191.S

ZERO BASE OPERATIONS COST STUDY
MSFC SPACE SHUTTLE

RSRM PROJECT
MANUFACTURING AND SR&QA

TOUCH AND SUPPORT MANPOWER - METRICS

EVALUATED ALL OPERATIONS REQUIRED TO BUILD AND REFURBISH 1 FLIGHT SET OF ALL
HARDWARE BASED ON CURRENT RSRM MANUFACTURING STANDARDS AND DEMONSTRATED
SRM/RSRM 86°1c. LEARNING CURVE AS INITIAL BASIS OF ESTIMATE
- ALL DISASSEMBLY AND MANUFACTURING OPERATIONS
- LOGISTICS AND TRANSPORTATION
- MANUFACTURING INSPECTION AND RECEIVING INSPECTION

CONDUCTED A MICRO EVALUATION USING THE FOLLOWING:
- WORKSTATION CAPACITY
- MINIMUM NUMBER OF SHIFTS REQUIRED FOR EACH WORKSTATION
- SKILL LEVEL TO ACCOMPLISH EACH OPERATION
- MINIMUM NUMBER OF PERSONNEL REQUIRED FOR EACH SKILL LEVEL

MINIMUM NUMBER OF HOURS REQUIRED FOR EACH SKilL LEVEL
TRANSFER OF SKILLS AS POSSIBLE

- MINIMUM NUMBER OF PERSONNEL AND UTILIZATION REQUIRED AT LAUNCH RATES
1-4,6,8, 10

SUPPORT
. GRASSROOTSESTIMATE WAS ESTABLISHED FOR EACH WORK CENTER FOR 4 AND 10 LAUNCH

RATES
<
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. INITIAL BASIS OF ESTIMATE

- CURRENT HISTORY

- HISTORY FACTORED INTO THREE GROUPS.
. FABRICATION SUPPORT. FLIGHT SUPPORT

'

. FSM STATIC TEST SUPPORT

. ESTIMATE ESTABUSHED BY APPLYING UNIT HISTORY FACTORS TO
PROJECT CONTENT

- ESTIMATE LIMITED BY CRITICAL SKILLS RETENTION R~QUIREMENT
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ZERO BASE OPERATIONS COST STUDY
MSFC SPACE SHUTTLE

RSRM PROJECT
MATERIALS -METRICS

.
PER FLIGHT QUANTITIES BASED ON POP 91-1.

ASSUMES POP 91-1 UNIT COST, ADJUSTED UP FOR REDUCED QUANTITIES; NO VENDORS WERE

CONTACTED

.

. SPECIAL CONSIDERATIONS, MINIMUM REQUIREMENTS

. RAYON YARN WAS PRICED AT 25,000 POUNDSIWEEK UNTil MODEL REQUIREMENT MET; THEN

VENDOR SHUT DOWN.

. AMMONIUM PERCHLORATE WAS PRICED WITH KERR MCGEE AS THE SOLE SUPPLIER FROM 2-6
FLIGHTS PER YEAR. AT 7 FLIGHTS PER YEAR, ADEQUATE DEMAND EXISTS TO SUPPORT BOTH

KERR MCGEE AND WECCO, AND BOTH SUPPLIERS ARE USED ABOVE THAT RATE.
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ZERO BASE OPERATIONS COST STUDY
SRB

APPROACH

. USED POP 91-1 SUBMISSION AS THE BASIS FOR THIS STUDY

. EMPHASIS ON MANPOWER WITH ASSESSMENT AT SKILLLEVEL

. NO SECOND SHIFT OPERATIONS EXCEPT FOR SUPPORT TO SPC &
REFURBISHMENT

. SUBCONTRACTS TO BE COMPLETED IN 1992 LEFT IN PLACE

. MAJOR SUBCONTRACTORS PROVIDED INPUT TO EFFECTS OF FLIGHT RATES

. INDIRECT RATES ASSESSED RELATIVE TO CHANGES IN BUSINESS BASE

UJ'.



PROJECT ELEMENT FLIGHT RATE ($)
1 2 3 4 5 6 7 8 9

SRB PRODUCTION OPS 2.5 2.5 2.7 2.9 3.4 3.7 3.9 4.0 4.0
~SRB REFURBISHMENT OPS 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.8 1
SRB PRODUCTION SUPPORT 3.4 3.4 4.1 4.3 4.7 4.9 5.2 5.2 5.2 .,
SRB ENGINEERING 10.1 10.1 10.8 12.5 14.2 15.5 16.5 17.4 17.4 1'4

SRB QUALITY 3.1 3.1 3.4 3.4 3.5 3.6 4.4 5.6 5.7 .,

SRB MGMT/OTHER SUPPORT 7.6 7.6 8.5 8.9 9.3 9.6 10.1 10.6 10.6 1(

SRB SUB-CONTRACTS 21.1 22.9 24.2 25.4 27.8 29.9 34.0 36.5 44.8 5:
SRB OTHER DIRECT COSTS 6.2 6.9 8.5 8.7 9.7 10.6 12.5 12.4 13.9 1:
SRB BURDEN 22.9 22.9 24.9 28.0 30.8 . 32.4 . 34.8 ,36.6 36.7 3t
SRB G&A 15.3 15.5 16.2 16.8 17.0 17.2 17.3 17.5 17.5 11

SRB FEE 12.0 12.3 13.4 14.4 15.6 16.4 18.0 18.9 20.2 2'

SRB PROJECT SUPPORT 5.6 6.6 6.7 5.9 6.9 6.9 6.0 6.1 6.2 t

...

TOTAL 111.0 114.0 123.7 132.8 143.4 150.7 164.4 172.8 184.0 11
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MSFC - SOLID ROCKET BOOSTER
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ZERO BASE. OPERATIONS COST STUDY
SRB PROJECT

MAJOR DRIVERS TO THE MINIMUM BASE

FLiGHTSIYEAR

1

ELEMENT

. ENGINEERING

. MANAGEMENT/OTHER

. PRODUCTION OPERATIONS

. SR&QA

. SUBCONTRACTS

RATIONALE

. CRITICAL SKILLS FOR HUNTSVILLE 8t

FLORIDA OPERATIONS

. CRITICAL SKILLS

. CRITICAL SKILLS FOR TOUCH LABOR
AND SUPPORT

. CRITICAL SKILLS FOR TOUCH LABOR
AND SUPPORT

. REPHASED BLOCK I PURCHASE WITH
PENALTIES FOR:

- INCREASE UNIT COST TO
REFURBISH/REPAIR FLIGHT
HARDWARE AT LOWER FLIGHT
RATES

- SHELF LIFE DICTATES PHASING
PURCHASES ON LESS
ECONOMICAL OASIS AT LOWER
FLIGHT RATES

,1
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ZERO BASE OPERATIONS COST STUDY
DETAILED BASE AND INCREMENT BRIEFING -SRB PROJECT

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

..

.'

RATIONALE
ALL MANPOWER ELEMENTS -PROJECT REQUIRES A MINIMUM SKILL LEVEL FC

THE CORE STAFF
PRODUCTION OPERATIONS -INCREASED HANDS ON LABOR, INSPECTION AN(

LOGISTICS
SUBCONTRACTS -REPHASED BLOCK I PURCHASES
ENGINEERING -SEE NOTE BELOW
SUBCONTRACTS -REPHASED BLOCK I PURCHASES
PRODUCTION OPERATIONS -IMPLEMENTED SELECTED SECOND SHIFT

OPERATIONS IN REFURBISHMENT DUE TO INCREASED WORKLOAD
ENGINEERING -SEE NOTE BELOW
SUBCONTRACTS -REPHASED BLOCK I PURCHASES -BLOCK II BUY BEGINS FY9
ENGINEERING -SEE NOTE BELOW
SUBCONTRACTS -REPHASED BLOCK I PURCHASES -BLOCK II BUY BEGINS FY9
ENGINEERING -SEE NOTE BELOW
SUBCONTRACTS -REPHASED BLOCK I PURCHASES -BLOCK II BUY BEGINS FY9
PRODUCTION OPERATIONS -IMPLEMENTED SELECTED SECOND SHIFT'

OPERATIONS IN ASSEMBLY DUE TO INCREASED WORKLOAD
ENGINEERING -SEE NOTE BELOW
SUBCONTRACTS - REPHASED BLOCK I PURCHASES -BLOCK II BUY BEGINS FY9

. AT 8NR AND FY93 AT 9&10NR
NOTE: HUNTSVillE ENGINEERING

1-2 FLIGHTS: RESOURCE LOADING IS DETERMINED BY "CORE" STAFF REQUIREMENTS
3 FLIGHTS: "METRICS" ADD 27 EP'S OF WORK: 50% OR WORK CAN BE ABSORBED BY "CORE" STAFF. RESOURC

ARE INCREASEDBY 14 EP'S. .

3-8 FLIGHTS: RESOURCE LOADING FOR EACH FLIGHT REPRESENTS Tin ADDITION OF THE 27 EP'S DETERMINED B'
THE METRICS ANALYSIS. MINOR VARIATIONS OCCUR FROM FLIGHT TO FLIGHT DUE TO MINIMUM

FLiGHTSNEAR
1 & 2 (BASE)

3

4

5

6

i
I 7

8-10
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,. ZERO BASE OPERA"
.

)NS COST STUDY
SRn PROJECT

. .

MANPOWER SUMMARY BY FUNCTION (FY94) (MYE'S)'
1200

Mgmt/Other Spt.

Quality

Engineering

1900

800

600

:
Production Spt.

: Refurb Ops.. Production Ops.
I

10

1959.102.17
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ZERO BASE OPERK
.

)NS COST STUDY
SRB PROJECT

PRODUCTION OPERATIONS FY94 TOUCH LABOR -
ASSEMBLY & REFURBISIIMENT

MANHOURS PER BUILD'200
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""'"'0
0
0
'-"
~ 100
:J
0
.c
c
nJ
:E 50

0

195' 21

1 3 4 5 6 7
. Launches Per Year

8 1092

1959.105.47
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ZERO BASE OPERATIONS COST STUDY
SRB PROJECT

SUBCONTRACT GROUND RULES

.-
J' H.ll

EXISTING PURCHASE ORDERS FOR BLOCK I HARDWARE PROCUREMENTS WERE NOT ADJUSTED, BUT
WERE REPHASED FOR LOWER FLIGHT RATES

SHELF LIFE SENSITIVE HARDWARE (PYROTECIiNICS & BATTERIES) WILL REQUIRE ADDITIONAL TESTSI
PROCUREMENTS FOR BLOCK I

.

.

. VENDOR FLIGHT HARDWARE REFURBISHMENT COSTS WERE ADJUSTED TO LAUNCH RATES

. MAJOR VENDORS FOR FLIGHT HARDWARE REFURBISHMENT WERE CONTACTED

. . VENDOR SUSTAINING ENGINEERING COSTS WERE ADJUSTED TO LAUNCH RATES

. IDLM COSTS WERE ADJUSTED TO LAUNCH RATES

PHASE IN FOR BLOCK II REQUIREMENTS WERE ADJUSTED BASED ON LAUNCH RATES.

5~



ZERO BASE OPE&-
~ '.

)NS COST STUDY
SRB PROJECT

SUB-CONTRACTS COST VS FLIGHT RATE (IN MILLIONS)
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Maximuln Fligllt Program FundedCost (BY $)
Rate Per Year

~FXQa EX1M: FY95 EXn!i FY97

1 Block I 48.1 23.2 21.1 12.9 11.6 . 7.1

2 Block I 49.5. 25.0 22.9 14.6 13.3 8.8

.3 Block I 50.7 26.4 24.2 15.9 14.8 11.0

4 Block I 51.9 27.4 25.4 17.9 16.7 11.6

5 Block I/Block II 53.4 29.4 27.8 19.1 18.2 14.8/10.6
.-.
6 Block I/Block II 54.6 30.9 29.3 20.5/2.0 19.5/10.2 16.8/24.8

7 Block I/Block II 56.1 33.0 31.5/2.5 22.0/8.2 19.4/24.8 18.1/32.3

8 Bloc,k I/Block II 57.3 34.1 32.5/4.0 23.1/10.3 21.6/29.0 9.0/60.3

9 Block IIBlock II 59.0 37.616.3 33.5/11.3 23.8/30.0 12.0/51.5 3.9/70.4

10 Block I/Block II 36.2/15.9 23.9/38.3 11.2/61.7 0/80.8

POP 91-1

Fligllt Rate 9 9 10 10 10 10

ZEllO BASE OPERft"'~ 3NS COS1' STUDY
SRB PROJECT

SUB-CONTRACTS COST SUMMARY (IN MILLIONS)

1959.104-40

5L{-
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ORBITER AND GFE PROJECTS
ZERO BASE OPERATIONS COST STUDY

SPACE SHUTTLE PROGRAM

"
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ZERO BASE OPERATIONS COST STUDY

GROUNDRUlES AND ASSUMPTIONS

OROITER - ROCKWEll PRIME

. NEW SOFTWARE OPERATIONAL INCREMENTS @ 1 PER YEAR, OUILDING TO 1 EVERY 8
MONTHS AND COMMENSURATE SAIL AND ISL SUPPORT

. FLIGHT DURATION IS 10 DAYS, INCLUDING AN EVA AND AN RMS DEPLOYED PAYLOAD

. STANDARD MER SUPPORT DURING FLIGHT

. CONFIGURATION CHANGES WILL CONTltJUE TO OCCUR

. .

OMR'S WILL CONTINUE AT CURRENT RATE

. STANpARD COFR REQUIREMENTS, COMMIT-TO-FLIGHT ASSESSMENTS, AND REVIEWS
CONTINUE AT CURRENT LEVELS/FLIGHT

. NO MAJOR ANOMALIES OCCUR SUCH AS "BODY FLAP," "HYDROGEN LEAK," ETC.

.. VEHICLE LEVEL 'cERTIFICATION AND VERIFICATION ACTIVITIES RELATED TO FLIGHT ENVELOPE
EXPANSION ARE CONSIDERED FIXED COSTS

. SUPPORT REQUIRED OY LOGISTICS FOR HARDWARE REPAIRS, SPARES, F/A ,AND DEPOT
CERTIFICATION CONTINUE

. ASSUME SYNERGISTIC OENEFITS WITH OTHER COMPANY EFFORTS EXISTS

..-/L
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ZERO BASE OPERATIONS COST STUDY

GROUNDRUlES AND ASSUMPTIONS
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FEPC/EMU

. 1 - 3 FLTSNR - 1 SCHEDULED EVA WITH 3 EMU'S; OTHER FLIGHTS CARRY 2 EMU'S. 1 FLTIYR IS

7-PERSON CREW FLIGHT..

. 4 -10 FLTSNR -1 SCHEDULED EVA FLIGHT PLUS 1 UNSCHEDULED EVA FLIGHT OR HIGH RISK

PAYLOAD (E.G., HUBBLE, GRO) REQUIRING THIRD EMU. ALL OTHERS CARRY 2 EMU'S.

. 4 - 10 FLTSIYR - REQUIRES PARALLEL PROCESSING OF SHIPSETS.
\

. EMU FIELD SUPPORT AVAILABLE FOR 1-10 FLTSIYR INCLUDES LIFE SUPPORT AND SUIT

TECHNICAL AND LABORATORY PERSONNEL FOR FRR, ANOMALY ANALYSIS AND TEST.

. CREWS NAMED 1 YEAR IN ADVANCE OF FLIGHT.

.J<



.
PROJECT ELEMENT FUGHT RATE ($)

1. 2 3 4 5 6 7 8 9 10
ORBITER ORBITER OPS SUPPORT -DOWNE' 86.6 .87.7 88.8 96.8 99.1 102.5 104.8 108.2 111.6 113.9
ORBITER ORBITER lSS - KSC 12.6 13.7 14.5 16.7 18.2 19.7 21.0 21.3 21.5 21.7
ORBITER ORBITER ET DISCONNECTS 4.4 4.4 5.3 5.3 9.6 9.8 9.8 9.8 10.9 '10.9
ORBITER RMS 7.3 .7.8 6.2 8.7 9.1 9.6 10.0 10.5 10.9 11.4
ORBITER FEPC 22.1 22.1 22.1 28.3 28.3 28.3 36.9 36.9 36.9 36.9
ORBITER EMU 4.2 4.2 4.2 4.4 4.4 4.4 4.4 4.4 4.4 4.4
ORBITER JAI DATASUPPORT 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
ORBITER IBMDATAPROC SYSTEM. 3.3 3.3 4.0 4.0 4.0 4.0 5.4 5.4 5.4 5.4
ORBITER FLT DATA & EVAL (MER SUpn 3.4 3.5 3.6 3.8 4.0 4.1 4.1 4.1 4.1 4.1

TOTAL 145.2 148.0 152.0 169.3 178.2 183.7 197.7 201.9 201.0 210.0

27-Jun-91 . ZERO BASE.OPERATIONS COST STUDY
JSC - ORBITER AND GFE PROJECTS

. SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $

.,
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ZERO BASE OPER~.. ~ONS COST STUDY
ORBITER & GFE PROJECTS
ELEMENT DESCRIPTIONS

(tUft Jl.191 U

. ORBITER OPERATIONS SUPPORT. '- DOWNEY OPERATIONS - MISSION SUPPORT, PROBLEM RESOLUTION, COMMIT-TO-FLIGHT
ANALYSES, HARDWARE CERTIFICATION, BACKUP FLIGHT SOFTWARE (BFS), TURNAROUND
SUPPORT, ORBITER PERFORMANCE ENHANCEMENT, PROGRAM MANAGEMENT AND BUDGET
CONTROL, CORRECTIVE ACTION REPORT CLOSEOUT, SPECIAL STUDIES. HOUSTON OPERATION - TECHNICAL SUPPORT, SHUTTLE AVIONICS INTEGRATION
LABORATORY SUPPORT, BFS CERTIFICATION, MISSION SUPPORT, CREW EQUIPMENT SERVICE

ORBITER LSS - KSC. KSC LAUNCH SUPPORT OPERATIONS - FLOW PROCESSING SUPPORT, PROBLEM RESOLUTION,
COMMIT-TO-FLIGHT, LAUNCH AND LANDING SUPPORT, CONFIGURATION MANAGEMENT.

ORBITER/ET DISCONNECTS - FABRICATION OF THE EXTERNAL TANK (ET) SIDE OF THE ORBITER/ET
DISCONNECTS FLIGHT HARDWARE'

RMS - REMOTE MANIPULATOR SYSTEM; SUSTAINING ENGINEERING AND REPAIR & OVERHAUL
FEPC - FLIGHT EQUIPMENT PROCESSING CONTRACT, MANAGEMENT & ADMINISTRATION,
ASTRONAUT TRAINING SUPPORT, FLIGHT SUPPORT

EMU - EXTRAVEHICULAR MOBILITY UNIT - MANAGEMENT & SUSTAINING ENGINEERING, FIELD
AND LAB SUPPORT . .

JAI DATA SUPPORT - JEFFERSON ASSOC., INC. (JAl)lEVEL OF EFFORT CONTRACT FOR PROGRAM
CONTROL DATA SUPPORT
IBM DATA PROCESSING SYSTEM SUPPORT - SUSTAINING ENGINEERING SUPPORT TO MAINTAIN
AND MODIFY THE ORBITER DATA PROCESSING SYSTEM (DPS) HARDWARE LOCATED IN THE JSC
GROUNDITRAINING FACILITIES

. .
FLIGHT DATA AND EVALUATION (MER SUPPORT) - MISSION EVALUATION ROOM (MER) SUPPORT
PROVIDES PRE-FLIGHT, REAL TIME, AND POST-FLIGHT ENGINEERING ANALYSIS

.

.

.

.

.

.

.

.
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ZERO BASE OPERA .IONS COST STUDY'
ORBITER AND GFE PROJECTS

METRICS

.
(ttl8. ../Z4I9U5

. ORBITER OPERATIONS SUPPORT AND LSS. .. THESE PROGRAMS ARE MADE UP OF A MYRIAD OF TASKS SPREAD ACROSS MULTIPLE DEPARTMENTS AT ROCKWELL
DOWNEY AND KSC. EACH TASK THAT IS CONSIDERED FLIGHT RATE DEPENDENT WAS EVALUATED TO DETERMINE
THE LEVEL OF EFFORT REQUIRED FOR VARIOUS FLIGHT RATES.

ET DISCONNECTS

. BASED ON MARSHALL TANK REQUIREMENTS WITH A MINIMUM PRODUCTION RATE AT THE DISCONNECT
SUBCONTRACTOR

..

RMS

. SUSTAINING ENGINEERING. CRITICAL SKILLS PLUS MINIMAL INCREASES (2 EP'S) WITH FLIGHT RATE

. REPAIR & OVERHAUL. BASE COST TO MAINTAIN REPAIR FACILITY (S2.4M) PLUS HISTORICAL VARIABLE COSTS OF
S250K PER FLIGHT

FEPc/EMU

. 1 .3 FLIGHTS. ASSUMES 1 SCHEDULED EVA, WITH 3 EMU'S

. 4 -10 FLIGHTS - ASSUMES 1 SCHEDULED EVA PLUS 1 UNSCHEDULED EVA. ALSO REQUIRES PARALLEL PROCESSING OF
SHIPSETS

. BASE COSTS INCLUDE MANAGEMENT. STAFF AND SUPPORT. FLIGHT RATE SENSITIVE COSTS INCLUDE TRAINING AND
FLIGHT SUPPORT ACTIVITIES

JAI DATA SUPPORT

. IMMUNE TO FLIGHT RATE FLUCTUATIONS. LEVEL OF EFFORT REQUIRED FOR COMPUTER AND ADMINISTRATIVE
SUPPORT SERVICES. COST BASED TOTALLY ON EP LEVEL.

IBM DATA PROCESSING SYSTEM

. AT A FLIGHT LEVEL OF 1 -2. THERE IS A MAXIMUM 1 SHIFT OPERATION REQUIRED. ANY GREATER FLIGHT RATE
REQUIRES ADDITIONAL SHIFT OPERATIONS. THERE IS A MINIMUM CRITICAL SKilL LEVEL TO OPERATE THE FACILITIES.

MER

. A MINIMUM OF 3 MONTHS MUST BE ALLOWED FOR PREPARATION OF THE MER PRIOR TO EACH FLIGHT. GREATER
THAN 4 MISSIONS PER YEAR REQUIRES 2 FULL MER SUPPORT TEAMS.

It THE MER IS STAFFED 24 HOURS A DAY AT L-2 DAYS \. flL LANDING PLUS 1 DAY
~.

.

.
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KSC SHUTTLE LOGISTICS
ZERO BASE OPERATIONS COST STUDY
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ZERO BASE OPERATIONS COST STUDY
KSC SHUTTLE LOGISTICS

GROUNDRUlES AND ASSUMPTIONS

. OMDP "ONLY" ON ORBITER IN USE

. NO PLANNED CANNIBAllZATIONS OF UNUSED ORBITERS
. .

. NO EFFORT TO MAINTAIN CAPABILITY TO INCREASE FLIGHT RATE

. NO HEALTH CHECKS ON UNUSED ORBITERS

. ASSUMES "X" NUMBER OF FLIGHTS UNTIL END OF SHUTTLE PROGRAM IN
. YEAR 2020 FOR PRICING TPS P.U. BUYOUT



PROJECT ELEMENT fliGHT RATE(Sf
1 2 3 4 5 8 7 8 9

LOG SPARES 26.2 27.1 28.1 34.3 35.2 39.2 48.6 54.4 59.6 I
I

LOG REPAIR 60.9 62.9 64.9 68.2 70.3 72.3 75.5 77.4 80.4 I

LOG MANPOWER 24.7 25.8 26.6 29.1 29.9 31.4 33.6 34.2 36.2
LOG TPS 7.7 10.2 14.3 11.3 14.5 18.2 19.7 24.2 27.2

-
--

TOTAL 119.5 128.0 133.9 142.9 149.9 161.1 111.4 190.2 203.4
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27-Jun-91 ZERO BASE OPERATIONS COST STUDY
KSC - SHUTTLE LOGISTICS'

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $
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ZERO BASE OPERATIONS COST STUDY
KSC SHUTTLE LOGISTICS

GROUNDRULES AND ASSUMPTIONS

(4)18(.10" .~U2

,

REPAIR

. VEHICLE REPAIR REQUIREMENTS ARE DRIVEN BY BOTH TIME AND CYCLE PROCESSING
ACTIVITIES

. HIGH VALUE SCHEDULED MAINTENANCE

. HIGH VALUE SCHEDULED MAINTENANCE COSTS (FUEL CELLS, THRUSTERS, OMS ENGINE,
ECT~)ARE DRIVEN MAINLY BY THE NUMBER OF FLIGHTS

. PHASE B REPAIR AGREEMENTS

. SIGNIFICANT REDUCTIONS IN tHE CURRENT LEVEL OF REPAIR ACTIVITIES AT THE
SUBCONTRACTORS WOULD RESULT IN A LARGE INCREASE IN SKILLS RETENTION (PHASE B)
REQUIREMENTS ,

. ,ASSUMED PHASE B REQUIREMENTS WERE 500/. OF THE LOST REPAIR COSTS AT LOWER
FLIGHT RATES

. PHASE A REPAIR AGREEMENTS

. PHASE A REPAIR AGREEMENTS WILL BE REQUIRED TO SUSTAIN REPAIR SUBCONTRACTORS
REGARDLESS OF FLIGHT RATE

. VENDOR FIELD TRAINING IS A FIXED COST

. TEST EQUIPMENT UPGRADE

. TEST EQUIPMENT REPLACEMENT/MAINTENANCE REQUIREMENTS ARE DUE TO AGING AND
OBSOLESCENCE AND DO NOT VARY WITH FLIGHT RATE

. DEPOT EXTENSION/ENHANCEMENT

. IMPROVEMENTS TO NSLD CAPABILIIIES ARE UNAFFECTED DY FU(;HT RATr: rU""I~rr



"

(4)18(.1D.. 11,10

ZERO BASE OPERATIONS COST STUDY
KSC SHUTTLE LOGISTICS

GROUNDRULES AND ASSUMPTIONS

.
SPARES

. CONTRACTS FOR SPARES ALREADY ON ORDER (AUTHORIZED) WILL NOT BE
CANCELLED '.

. CONTRACTS FOR AUTHORIZED SPARES WILL NOT BE MODIFIED TO
INTERRUP.T THE BUILD CYCLE AND CONTINUE IT AT A LATER DATE

. NOTIFICATION OF FLIGHT RATE CHANGES MUST BE MADE AT A MINIMUM
OF LEAD TIME IN ORDER TO MAINTAIN ADEQUATE LEVELS OF SUPPORT-
ABILITY. IN GENERAL, LEAD TIMES VARY BETWEEN 6 MONTHS AND 48
MONTHS.

. POS OF 900/0 WILL'BE MAINTAINED AT ALL FLIGHT RATES

. LOW VALUE SPARES REQUIREMENTS ARE BASED ON NUMBER OF VEHICLES
.

IN FLOW, NUMBER OF OPF'S IN SERVICE, AND HISTORY OF DOWNTIME
AFTER 51-L

. HIGH VALUE SPARES REQUIREMENTS ARE BASED ON NUMBER OF VEHICLES
IN FLOW' "
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ZERO BASE OPERATIONS COST STUDY
KSC SHUTTLE LOGISTICS

GROUNDRULES AND ASSUMPTIONS

14)18(,10. .191.15

TPS- .. TPS MANPOWER

. TPS MAN HOUR REQUIREMENTS ARE DRIVEN MAINLY BY OPF OPERATING HOURS

. TPS EQUIPMENT, SPARES AND MAINTENANCE. THE ONGOING COSTS ARE REQUIRED FOR SOFTWARE UPGRADES, SERVICE

AGREEMENTS, AND MINOR EQUIPMENT PURCHASES. ALSO INCLUDED IS THE

MAINTENANCE OF TPSF EQUIPMENT IN AN OPERATIONAL CONDITION

.' TPS MATERIAL. MINIMUM BASE FOR TPS MATERIALS LIFETIME BUYOUTS IS DEPENDENT ON MINIMUM

SKILLS LEVELSFOR THE SUBCONTRACTORS AND THE PERIOD OF TIME NECESSARY TO
PRODUCE SUFFICIENT MATERIALS TO THE YEAR 2020 ATTHE VARIOUS FLIGHTRATES

--
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1 (BASE)

2-10

t'

C.U8C.JL ".n

ZERO BASE OPERATIONS COST STUDY

KSC SHUTTLE LOGISTICS

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

HARDWARE REPAIR

. FIXED NUMBER OF REPAIR AGENCIES (PHASE A REPAIR AGREEMENTS)

. GSE MAINTENANCE REQUIREMENTS ARE NOT DRIVEN BY FLIGHT RATE

. MSE MAINTENANCE AT VENDORS IS NOT DRIVEN BY FLIGHT RATE

. VENDOR FIELD TRAINING EFFORT IS INDEPENDENT OF FLIGHT RATE

. EXTENSION/ENHANCEMENT OF CURRENT DEPOT CAPABILITY WILL OCCUR

INDEPENDENT OF FLIGHT RATE

. REPAIR TRAFFIC WITH 0 OR 1 FLIGHT IS SIGNIFICANT DUE TO GROUND POWER

ON TIME AND ROUTINE OPF PROCESSINGITESTNG

. VENDORS REQUIRE SKILLS RETENTION DUE TO COMPLETION OF PRODUCTION

BUILD (SPARES/OV-105)
.

. REPAIR TRAFFIC INCREASES WITH FLIGHT RATE

. SKILLS RETENTION REQUIREMENTS INCREASE AS FLIGHT RATE DECREASES

. OVERHAULS FOR FUEL CELLS 8r OMS ENGINEITHRUST CHAMBERS INCREASE

WITH FLIGHT RATE

",.,
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ZERO BASE OPERATIONS COST STUDY

KSC SHUTTLE LOGISTICS

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

.

SPARES

. REPLENISHMENT/GSE SPARES REQUIRED TO SUPPORT OPF OPSrrESTING,
VEHICLE PROCESSING, AND ONGOING VENDOR REPAIR ACTIVITY

CONDEMNATIONS WILL OCCUR DURING REPAIRS, POWER-UP, OPF
OPERATIONS HANDLING OF HARDWARE

.

. REPLENISHMENT/GSE SPARES REQMTS INCREASE.WITH VEHICLE PROCESSING
AND VENDOR REPAIR ACTIVITY

SUSTAINING OPS/CONDEMNA TION REQMTS INCREASE WITH FLIGHT RATE

CHANGEOUT SPARES REQMTS FOR OVERHAUL OF FUEL CELLS 8. OMS
ENGINE-THRUSTER CHAMBERS INCREASE WITH FLIGHT RATE

.
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ZERO BASE OPERATIONS COST STUDY

KSC SHUTTLE LOGISTICS

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

TPS

. TPS SPARES BeMAINTENANCE REQUIRED TO MAINTAIN EQUIPMENT

. MATERIAL QUANTITIES (PU'S) BASED ON MINIMAL SKILLS LEVEL OF
CONTRACTOR WORKFORCE

. TPS EQUIPMENT PROCUR~MENTS REQUIRED FOR SOFTWARE UPGRADES,
SERVICE AGREEMENTS, AND MINOR EQUIPMENT PURCHASES

. SIGNIFICANT SKILLS MIX IS NECESSARY TO SUPPORT ALL MFG PROCESSES
FOR TPSF (LOGISTICS, TRAINING, QA, SHOPS, ENGINEERING, AND COMPUTER
SUPPORT

INCREASED REQUIREMENTS FOR SHOP TECHNICIANS BePRODUCTION CONTROL

. INCREASED REQUIREMENTS FOR LOGISTICS (SPARES PROCUREMENTS,
DISPOSITIONS, ETC.)

. INCREASED ENGINEERING SUPPORT FOR MFG BeCOMPUTER CONTROLLED
PROCESSES .

. INCREASED REQUIREMENTS FOR PROGRAM BUYOUTS OF TPS MATERIALS
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ZERO BASE OPERATIONS COST STUDY

LOGISTICS COST SUMMARY ($M)

. .. THIS COST STUDY ESTIMATES LOGISTICS FUNDING REQUIREMENTS TO SUPPORT SPECIFIC

FLIGHT RATES HELD CONSTANT IN ALL YEARS'
.

. APPLICATION OF THIS DATA FOR FLIGHT RAtE ADJUSTMENTS WOULD REQUIRE ANALYSIS OF

INDIVIDUAL CATEGORIES AND GROUNDRULESI ASSUMPTIONS ESTABLISHED FOR THOSE

INDIVIDUAL CATEGORIES

. SPARES COMMITMENTS

. 6-48 MONTH SPARES LEAD TIMES 8. COST PHASING

. LEAD TIME TO HIRE AND TRAIN PERSONNEL

. . COST PHASING FOR REPAIR ACTIVITY(48 MONTHS)

. LOGISTICS REQUIREMENTS FOR SPARES AND REPAIRS ARE MAINLY DRIVEN BY

"PROCESSING FLOWS," NOT FLIGHTS

. A "FLIGHT ATTEMPT" REQUIRES NEARLYTHE SAME AMOUNT OF LOGISTICS SUPPORT AS

A "PROCESSING FLOW" LESS IN-FLIGHTREQUIREMENTS

. CANCELLATION OF A FLIGHTDOES NOT NECESSARILY IMPLY 100% CANCELLATION OF A

PROCESSING FLOW

. . FUNDING REQUIREMENTS DERIVED FROM THIS STUDY EXCEED BUDGET MARKS OF CURRENT

FLIGHT MANIFEST



.

.

I't
I

\
j

\
1

.{

t
~
~.

j

.!
i
4
't

1

-1
:(

':J

I
.1

J

']
j
~

~
~
~..,

;~
4

,
-!!

~
,

j

.' . .-.

ZEliO BASE OPERATION~ COST STUDV-C
KSCLAUNCHANDLANmNG

"

.

.

SPACE SHUTTLE PROGRAM

JULY 2, 1991

..
.'

A~

.

~~'~I"..', 1:.1:.a:-. t-..:-I
M-'" ,.".., "M.I C~I.



ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING
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STUDY PROCESS ~

. ESTABLISHED GROUNDRULES AND ASSUMPTIONS

. DEVELOPED PROCESSING SCHEDULES

. MANLOADED AT 3 OR 4 LEVEL OFwas

. SUMMARIZED DATA IN STANDARDIZED FORMATS FOR
PRESENTATION
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KSCLAUNCHANDLANmNG

.

.

LEVEL 1/11 STEERING GROUP
GROUND RULES '& ASSUMPTIONS

. FACILITIES, GSE, & ORBITERS NOT REQUIRED FOR A SPECIFIC FLIGHT
RATE -ARE NOT MAINTAINED

. THERE IS NO EFFORT OR COST TO MAINTAIN THE CAPABILITY TO
INCREASE LAUNCHRATE'

. DOOMDPs ON ORBITERS IN USE

. NO CANNIBALIZATION

. LANDINGS.
. 1 TO,. FLIGHTS PER YEAR -ALL lANDINGS AT DFRF
. 5 TO 10 FLIGHTS PER YEAR. 60140SPLIT AT DFRFIKSC

. ALL OMASD R~aUIREMENTS ACCOMMODATED
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NO OF CALENDAR DAYS
~-5l2 ..5l3. ..§La .:zrJ.

192 134 90 75 64

564 395 263 219 188

15 11 7 6 5

72 50 34 28 24

72 50 34 28 24

78 36 26
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ZERO BASE OPERATIONS COST STUDV-C
KSC LAUNCH AND LANDING

....
I\J
I

0
!D
I

....
!D
!D
I\J

....

....

I\J
lJl

LEVEL 1/11 STEERING GROUP
GROUND RULES & ASSUMPTIONS

MINIMUM WORK SHIFT ASSUMPTIONS FOR KSC PROCESSING
. ORBITER.OPF FLOW 512.

. OMDPISTRUCTURAL INSPECTIONS 512

.fI
. -STANDALONE CHECKOlIT 511

. SAB's .

. STANDALONE PROCESSING 5/1

. 8T ACKING OPERATIONS 5J2
. ET/SRB .

. ETISRB MATE & CLOSEOUT 512

-" .~
.

. VERTICAL PROCESSING 6/2

. LAUNCH COUNT 7/3

n
0
31)
~;u
0
r
r
m;u,
;I<.(JJ
n

~~-Sow"~8Mr

'-
. _F -_c-- 4

1)
0Uj,I\J((I





DISCOVERY

103

(I

W
ora
-i
XI

ATLAKTIS 0
r
r
m

104
XI
"-;>;
lJ)

SAMPLE
n

- -

ENJEAV~

S'3 1~~
5'3 18

I~ i
&3

105 I

STS
22-sEP

A ZERO BASELINE STUDY - RUN 4
MISSION PLANNING OFFICE

KSC ASSESSMENT

T~ OVERTON

T Y-PCO-2

0-
I\J
I

0((J
I
0-
lD((J
I\J

U-.lUM-I1 ....
,.-..
I\J
Ul

CCUHlIA

102
513

2iCi.. &'3 r crJa.
s:A
13-fC)V

I

~ [FRF DPS
Vo\B STORAGE
STRJCT INSPIVEH HODS 10-.1 UN-t J 11: U 81ft

6

1)
0t>
"-I\J((J

--'" - ~. 1 of

"-





11.
. T OU OVERT ON

ZERO BASELINE STUDY - RUN 4
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OPERATIONS 1 2 3 4 5. 6 7 8 9

ORBITER OPF FLOW 5/2 6/3 7/3, 6/3 6/3 7/3 6/3 6/3 6/3 .
.

SRB BUILDUP 5/1 5/1 5/1 5/1 6/2 5/2 6/3 5/3 7/3 .
.

STACKING & CLOSEOUT 5/2 5/2 5/2 5/2 6/3 5/3 5/3 7/3 7/3 .
I

ET CHECKOUT 5/1 5/1 5/1 5/1 5/1 5/2 5/2 5/2 5/2~.

ET/SRB MATE & C/O ~5/2 5/2 5/2 5/2 5/3 5/3 5/3 7/3 7/3 .

VERTICAL PROCESSING 6/2 6/2 6/3' 6/3 6/3 6/3 6/3 6/3 6/3 I

FACILITIES
\1 l,

(4 "

ORBITERS 1 1 1 '.R 2 2 3 3
.

1 1 R 2 2 3 3
_.

OPF'S 1 3..
VAB INTEG CELLS 1 1 1 R 2 2 2 2 2.
MLP'S 1 1 1 R 2 2 3 3 3

PAD'S 1 1 1 1 1 1 R 2 2
.

1ET C/O CELLS 1 1 1 :1 2 2 2 2
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MAXIMUM FUGiT
RATE PER YEAR FY92 FY93 FY94 FY95 FY96 FY97

1 3.616 3.616 3.616 3,616 3,616 3.616
2 3,831 3,831 3,831 3,831. 3,831 3,831
3 4,057 4,057 4,057 4,Ofj/ 4,057 4.057

n0:I
4 5,511 5,511 5.511 5,511 5,511 5,511

1)
-i;c

5 5,868 5,868 5,868 5,868 5.868 5,868
0
r
r

6 6,178 6.178 6,178 6,178 6.178 6,178 rn;c
"7 7,344 7~ 7,344 7.344 7,3« 7,344 7'U1n

8 7.795 7,795 7,795 7.795 7,795 7,795
~-9 7.926 7,926 7,925 7.926 7,926 7,926
1D 8.051 8,051 8.051 8,051 8,051 8,051

POP 91.1 FUGHT RATE 9 9 10 . 10 10 10
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING
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TOTALCOSTSUUMARV
($ IN MilliONS)
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MAXlMUY RJGHT
RATE PER YEAR

1
2
3
4
5
6
7
8
9
fo ".

POP 91.1 FUGHT RATE
POP 91.1 GUIDELINES

FY92
292.1
315.7
336.5
439.5
469.6
496.3
584.9
620.2
633.0
644.7

.9
633.9

)~-
- ..f.~~c..rww

\

PROGRAM FUNDED COST (RY $)

FY93 FY94 FY95 FY96
305.0 318.9 333.0 348.0
329.5 344.5 360.0 376.2
351.1 367.1 383.6 400.9
458.8 479.6 501.2 523.7
4902 512.5 535.5 559.6
517.4. 540.3 564.9 590.3
~~ ~J ~J 6~!
646.9 675.5 706.1 738.0
660.3 689.5 720.5 753.3
672.6 702.4 733.7 767.4

9 10 10 10
649.1 700.3 .735.2 766.7

(4
I..

<1; ~

; .
"~,
-

FY97
363.7
393.1
418.9
547.3
584.8
616.3 ,

728.3 -

772.4
788.4 '
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ZERO BASE OPERATIONS COST STUDY-C.
KSCLAUNCHANDLANmNG
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SHUTTLE OPERATIONS MANPOWER BY ELEMENT

~\) f'\ v
,ELEMENT 1 . 2 3 ~ -A, 5 6 7 8 9 10 ~i:~

1.1 SHUTTLEPRoe 1.262 '~~~64 <171,461 \~
2,187 '2~48 2,495 2,856 3,141 3,208 3.333 ~.

1.2 SYSTEMSENGlSPT 59 59 .59 85 85 85 118 118 151 151 ~ti
1.3 FACILITY0& M , 769 769 769. 1,0« 1,089 1,089 1,468 1,468 1,483 1,483'

.

:11

1.4 LPsnNSTRU & CAL 408. 408 408 588 588 588 168 768 768 168[1:
15 OPS MODS

. 66 66 66 81' 81 81 96 96 96 96 :~rr:

1.6 TECHNICAL OPS SPT 442' 508' 585 612 773 889 1,022 1,1151,188 1,18811
1.7 PROGRAM OPS SPT 211 252 293 334 315 415 423' 430 433 433 ill
1.9 COMMUNICATIONS 188 188 188 275 275 275 326 326 326 326j,;
1.14.2SPECIAL PROJ 3 3 3 3 3 3 3 3 3 3' .~'
Boe 190 195 205 221 229 236 242 247 247 247 .,:
LSS 18 19 20 21. 22 22 22 22 22

'

22 I
PROP,

Im~'~"'~1B~'IJID'J;;JmmmgtDrl~,.,911r!r".:;Sn5,ii'i,..~,.-_J ," ~JRMrJf:1 I:
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WBS DESCRIPTIONS

SHUlTLE PROCESSING CONTRACT SPC

. SHUTTLE PROCESSING (WBS 1.1) - Work associated withon-line operations required 10
process the Orbiter, Payload, External Tank (ET), Solid Rocket Boosters (SRB), and mission
equlpmentlhrough pre-launch, launch, post.;.launch,.Ianding, and SRB retrieval acllvilles.

~ r I r I - An tasks performed on the stand-alone Orbiter including routine
maintenance, non-routine work assoctated with Problem Reporting and Correcllve Action
(PRACA), modifications, tile maintenance and modifications. and landing operations at
primary/contingencylandingsites.

.

.. - All tasks performed on the stand-alone
SRB, Including processing and modllicaUons. stacking operations, preparation for mate to the ET.
and retrieval and disassembly operations.

.. I - All tasks performedon the stand-aloneET.
Including receiving, processing the ET ttvough the VAD ET checkout cent modifications, and
preparation for SRB/ET mate.

~ I - AI lasks required10mate the flightelementsand process the
Integrated vehicle. Including p[e-Iaunch servicing, Integrated Iesting, and launch countdown.

.
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING
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£LEJAENT

1.1 SHU11lE PROC

1.2 SYSTEUS EHGlSPT

1.3 FACiLITY 0 & M

1.4 LPSJINSTRU & CAl~

1.5 OPS MODS

1.6 TECHNICAl. OPS SPT

1.7 PROGRAM OPS SPT

1.9 COUMUNICA TIOHS

I 1.14.2 SPECIAL PROJ

BOC ..
LSS
PROP

94TOTAL

\ .~-
~...~.-I '-'-_C-

I't.
ru
--.J

SHUTTLE OPERATIONS COST BY ELEMENT
FY94IN RY$$

1 2 3 4
88.3 es.~ 102.3 153.1
1B 3.8 3.8 5.6

64.4 64.4 64.~ 87.4
29.5 29.5 29.5 42.1

5.1 6.4 6.4 7.4

41.8 57.3 64.2 71.9

17.6 21.0 24.4 27.8

115 13.5" 13.5 19.8
0.2 0.2 0.2 0.2

15.4 15.9 16.8 18.1
. 25.7 29.1 32.6 36.0

7.7 8.1 9.3 10.5
~'Y''' I' r::::i.
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.
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5 6
164.3 174.6

SJ s.s
91.2 91.2
42.1 42.1
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81.D 91.3
31.2 34.6
19.8 19.8
0.2 0.2

18.9 19.9
39.4 42.5
11.7 12.9

. ."... ...~-"'''.':I'''''
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16

7 "8 9 10
199.9 219J 224.5 233.3

7.7 7.7 9.9 9.9
122.9 122.9 124.2 12t2
5S.5 55.5 55.5 55.5

U 8.3 8.3 8.3

103.2 116.9 118.0 118.0

35.2 35.8 36.1 36.1

23.5 23.5 23.5 23.5

0.2 0.2 D.2 0.2
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SPC MANPOWER
was 1.1 -- SHUTTLE PROCESSING
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MAXIMUM FOOHT

RATE PER YEAR FY92 m3 me FY95 FY9&
1 1.262 1.262 1.262 1.262 1.262

2 1.364 1.364 1.364 1.364 1.364

3 1.461 1.461 1.461 1.461 1.461

4 ~1B1 ~1B1 ~181 ~1B1 ~1B1
5 2~48 ~348 2.348 ~348 2.348
, ~495 ~495 ~495 ~495 ~495
7 . 2856 2.856 2.856 2.856: 2.8~.
8 3.141 3.141 3.141 3.141 3.141

t 3.208 3,208 3.208 3.208 3.208

10
.

3,333 3.333 3.333 3.333 3.333

POP11.1 Foom RATE 9 9 10 10 10
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was 1.2 -- SYSTEMS ENGINEERING SUPPORT
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING
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SHUTTLE PROCESSING CONTRACT SPC (CONTIMJED)

..

.. Mai1tenance Service Contracts IWBS 1.3.5) - AI &asksperformed under mantenance seNice .
contracts performed by outsiie verdots and do not support a specific WBS element. Tns Includes
fixedservicecontractsrenewedamuallyforItemssuchas ~ mar.tenance. copier repai' and
mafntenance. Also irdJdes norHeCOOinglepU contracts for maleriat or equpnent.

~ InveolOl)l ~ares and Repair lWBS 1.3.6) - Efforts requi'ed to manufacture spare parts and
equipment required fer Shuttle processing, Including Issues from Kennedy Inventory Management
System (KIMS) for repair either to SPC shopJ1abs or vendors.

E ui - Effortto maintainsystems equipmenlused in the director indirect
validation 01 orbiter, payload. external tanks. solid rocket boosters, or on-board systems.
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MADII A.D{f
RATEf9I YEM FY92 rm AM ms FYI fm

1 59 i i 59 59 59
:

'.

2 59 9J 59 9J 59 59 '. n

3 59 59 59 !6 fiJ 59 "

0
:I
"U

4 85 85 8S 85 as 8S
..;
;0
P

5 85 85 as 85 85 as rm

6 85 85 85 85 85 85
;0

.. ,
7'

7 118 118 118 118 118 118
lJ)

.' n

8 118 116 118 118 U8 118

9.. '- 151 151 151 151 151 151
:
'.

151
'.

10 151 151 151 151 151 .'

POP 91.1 FU3HT RATE 9 9 10 10 10 10 :

. .

ZERO BASE OPERATIONS COST STUDY-C
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WBS 1.2 --SYSTEMS ENGINEERING SUPPORT
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ZERO BASE OPERATIONS COST STUDV-C
. KSC LAUNCH AND LANDING

.

WBS DESCRIPTIONS

SHUTTLE PROCESSING CONTRACT SPC

. FACILITY OPERATIONS AND MAINTENANCE (WBS 1.3) -- Work required to operate and maintain

ShuUle Processing facilities and support equipment in a manner which will ensure their readiness to support
operationalprocessing.

.

~ I i I I I - Efrorts required to Integrate and
coordinatelacilitysupportoperationsIncludingplanningandschedulingO&M activities, overall laclUtysite management
and Integration.

~ iii t - Efforts to perform laclllty, systems, and support equipment prevent alive and
corrective maintenance. This Includes scheduled repairs, periodic servicing, corrosion control, and response to
real.tlmetroublecalls. . .

I - Effortsto supportlabrlcallonand relurblshmentlor shopsand labs required
for Shuttle processing. This Includes machine shop, assembly and repair, electrical and electronic shops, and
pneumatic. .

~ fi - Operationand maintenanceof facilitysystems Includingheavy equipment,healing,
ventnaUon, and air conditioning (MVAC), aanes, doors, elevators, platforms, water systems and facility structures.
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WBS DESCRlPnONS
....
....

I\J
ID

SHUTTLE PROCESSING CONTRACT SPC

. SYSTEMS ENGINEERING SUPPORT (WBS 1.2) - Work associated wt1h off-Une
systems engineering to sUWQrt Shuttleprocessi1g capability. .

~ ~og SefVices(wBS 1.2.1) - Efforts recpred to provide basic doaJmentation
services i1 suppOlt 01Operational Mai1Ienance Docunenbdion (OMD).. . - Eflorts reqked 80develop and coordinaa8the nao
rrission-spedfic operatingprocedwe&,Operationsand MaIntenanceInstructions(QUIs).
Also induded is the review and coorcfnatlon of all O&M Requiements and Specifications
Documentation (OM~SD).
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IWIII FUrifl'
RATE Pal YEAR FYI2 FY9I me FYI FYI F1I1

1 169 ~11 . 1&9 19J
- 2 769 19 16! 7&9 169 769

3 769 169' 169 169 769 769
n
0

4 1pt4 1,044 1,0« 1.044 1,D44 1,1« ~-i
;u

5 1t89 1,(89 IIB9 1,(89 t,M9 1115
0
r
r

6 IIS9 1,f89 1,fe 1,rB9 1,{89 1.(89
m;u
"-7 1.8 1.468 1.8 I,S 1.468 Mil 7'(JJ
n

8 1,Q 1.18 1,468 1.8 1,468 1,8
9 1,483 1,C) 1.483 1,483 1.13 1.1!J

1f
- '1,483 1.483 1,483 M83 1,«1 1.483

POP 91.1 FUGKT PJ1C 9 9 10 16 10 10

ZERO BASE OPERATIONS COST STUDV-C
KSC LAUNCH AND LANDING

SPC MANPOWER
was 1.3- FACILITYOPERATIONS AND MAINTENANCE
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ZERO BASE. OPERATIONS COST STUDY-C
KSCLAUNCHANDLANmNG

.

WBS DESCRIPnONS

SHUTTLE PROCESSING CONTRACT SPC
. .

. LAUNCH PROCESSING SYSTEM (LPS)nNSTRUMENTATION & CALIBRATION (I&C) (WBS 1.4) -- All
efforts required to support the KSC launch Processing System (lPS) and the Instrumentation and calibration

. functions required for Shuttle processing. .

. I I r - Efforts required to perform hardware and software engineering, development.
maintenance and producllon for KSC LPS to support Shuille processing.

. r I In n - Efforts required to operate & maintain LPS hardware,
software, and firmware for major subsystems. conslsllng of Checkout, Control, and Monllor Subsystem (CCMS).
CentralDataSubsystem(CDS) . and Record and Playback Subsystem (RPS). .

. ~ .. Efforts required to manage. plan. and perform fIeldlin-place and laboratory callbrallons and
Instrumentation acllvilies required during Shuttle processing. This Includes operallng & maintaining various
Instrumentation systems, such as the Environmental & Special Measurement System (ESMS). lightning Induced
VoliagelnslrumenlaUon Syslem (LIVIS).
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ZERO BASE OPERATIONS COST STUDV-C
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" SPC MANPOWER, .
'

WBS 1.4 -- LAUNCH PROCESSING SYSTEM
INSTRUMENTATION & CALIBRATION
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was 1.4. -- LAUNCH PROCESSING SYSTEM

INSrRUMENTATION & CALrSRATJON

IWIIII FI.GfT

RATE PER 1EAII FY92 F1!3 FY9C FYI FYI FY97
f a a 41 a a a
2 a a a a a 4r!
3 4(1 a a a 4C8 .frj .' na
. 588 !l8 51 51 S! 588 : 3:1)

-i

5 &I SI 51 9! 588 5M
AI
P

6 fa3 5B8 S! 5B8 588 5!
rm
AI

7 7fi 768 168 768 ~7fi ""tn
I 768 768 168 7QJ 168 768

n

J 768 B 168 168 7S8 768

It - - '7SI ~1m 758 768 1m
"

pop 11-1 RrMT RATE 9 9 10 10 10 10
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ZERO BASE OPERATIONS COST STUDV-C
KSC LAUNCH AND LANDING.

WBS DESCRIPTIONS

SHUTTLE PROCESSING CONTRACT SPC

. MODIACA TJONS (WBS 1.5) - Efforts required to mocify all processing faClTdies and support equipment in
a manner which wiI ensure their readiness to support StUde processing..' - Effort reqLired to moclfy faclityJsys1emslground sUpport

equipment, LPS hardware, I&Cequipment. and COf'fVOOI\icati .pment. The modiications are reviewed &
approved by the SPC ConflQurationControl Boards.
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ZERO BASE OPERATIONS COST STUDV-C
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SHUTTLE PROCESSING CONTRACT SPC D""'-!J:"(;~11;
. TECHNICAL OPERATIONS SUPPORT (WBS 1.6) - All effortsassociatedwith providing overall technical

operations support. for site-wide functions such as Safety. Quality. logistics. and Operations Management.
. II II I I I I - All tasks requiredto provide

safety, rellabllily and maintainability engineering, and overall quality assurance for Shuttle processing activities. Also
Included are efforts to maintain the Problem Reporting and Corrective Action (PRACA) system and central quality
recordscenter. .

. ~ - Efforts required to plan, control, and Implementa SPC logisticsprogram. This Includes
logistics engineering systems and audil. supply management, central shipping and receiving functions associated with
the logistics faclllly. .transportation support for equipment pickup/delivery, and managing General Services
Administration (GSA) vehicle utilization.

. F III I I - AI sustainingengineeringrequired for Shuttle processing
facilities and support equipment. Also Included are technical data and documentation services required to operate the
Engineering Documentation Center as a central data repository.

. r I - All activitiesassociatedwith operationsmanagement.Including manifest
planning. flight element change control, and configuration management program.

. h I I - All effortrequiredto maintainsoftwareIn
support of the SPDMS I.

. I - All tasksnecessarytopftlformthemanagementandtechnical
effort to design, Install. Integrate, and sustalri the LTIS program at KSC.

. .
I - All effortsrequiredto developand maintainthe

SPDMS II system & software. r n
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SPC MANPOWER
WBS 1.5 -- SHUTTLE OPERATIONS FUNDED MODS

WIll FtDfT
RATE PER YEAR FY92 Fm FY94 ms FYI FY97

1 m to 66 i rii rii
2 rii to Q) m 66 i
3 &5 to 66 m 66 i II

U

4 8t 81 81 81 31 81
::::

'.
1)

81

: -t

5 81 81 81 81 81
;0
0
r

6 81 81 81 81 81 81
r
rn;0

1 96 96 96 96 96 i "'"
96 96 96 96 $

lJ)

8 96
n

9 $ 96 96 96 £tj 96

10
.# -

'96 96 '96 96 ~96
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MAXIMUM FUGHf
.I~i.

RATE PER YEAR FY92 FY93 FY94 FY9S FYI FY97 ;~l
1 442 442 442 442 442 442

;1;
, ~t

2 &J8 ros ro8 9J8 ros ros .' .:0:

\113 585 585 585 585 585 585

4 612 612 612 612 612 612 Iii
5 713 713 713 m 113 713

~~{:.

rJ,M

, 889 889 889 889 889 889

~7 1.022 1,022 1.022 1.022 1,022 1.022

8 1.115 1,115 1.115 1.115 1.115 1,175 .Im:

9 .1,188 '1,188 1.188 1,188 1,188 1.188 ;~:

10 1,188 1,188 1,188 1,188 1,188 1,188 :..~:

POP 91.1 FUGHT RATE 9 9 10
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING

~

WBS DESCRIPTIONS

"1\1
I

0(()

I
....
(()
(()

I\J

....

....

l.>I
I\J

. ROGR PAN - WorkAssociated with the overall program management
and administration operation, including contractlfinancial managemen~ training, human resources. and
physical and industrial security.

~ Program Ac:tninislraqonfWBS 1.7.J.}.- AI effortsrequired to provide overall program operations support inducing
contra~inanciaJ managemenl, performance measurement, management pIaJri'1g and procedures. and Team Member
management and admiristration.

~ Training (WBS 1.7.2\ - Efforts to provide the necessary management and fU1dionaIcapabiJityto provide a tec:Micai
training program for SPC, specifically inspection, testing. checkout, and operation of Shuttle systems and equipment

~ Human Resources (1.7.31 - All efforts required to attract. hire, and retain the requisite skills to meet the overall shuttle
processing requirements. This includes providing physical and industrjaJ security func60ns as we! as computer
seanity technical support.
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IWILU fLKifT
RATE PER YEAR fft2 f193 F114 FY95 FY96 fB1

1 211 211 211 211 211 211

2 ~252 252 2i2~~3
?33 293 t1J3 293

~n~Q
...:.

~134 334 !)4 ~334 334
"U
-t
XI

5 375 315 375 375
0

375 315
r
r

6 415 415 415 415 415 415
fI1
;u

"-

7 Q3 423

;1':.

423 423 423 423
tn
n

I m 430 m 0) an QO

9.. '. .433 433 433 m (!3 Q3

10 433 433 03 m (!3 433

POP 91.1 FUGHT RATE 9 9 10 10 10 11
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANmNG

WBS DESCRIPTIONS

SHUTTLE PROCESSING CONTRACT SPC

. COMMUNICATIONS (WBS 1.9) .. Work associated with the operation and maintenance of communication

systems to ensure readiness to support operational flows.
.

. ~ce Communications (was 1..JUl - All efforts required to operate and maintain voice communications for all
operalionallnter-communlcaUon system (OIS) equipment, central paging and area warning system, and data voice and
radio equipment.

. Wid band Tans is 10 a avi a I Id -- All efforts required to operate and maintain wldeband
transmission and navigaUon aids for televlslonlleleconference equipment, Kennedy Switched Data Network (KSDN),
Tactical Air Command & NavlgaUonSystem (TACAN), and Microwave Seaming Beam Landing System (MSBLS).

. . abl d 'r -- Effortsrequiredto Operateand Maintainthe KSCcableplantandwire facilities.

. Communlcalio u -- All effort required to provide technical operations support to the SPC
communicationsdesignand operationsand maintenanceorganizations.
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MAXIMUM RIGHI ~*1'
11

RATE PER YEAR FY92 fY93 fY94 FY95 FY96 FY91
:!:;~~:
:,:

1 188 188 188 188 188 188 :i~:
2 188 188 188 188 188 188

I3 188 188 188 188 188 188

4 275 275 215 215 215 215

5 275 215 215 215 215 275
,~

, 215 215 215 275 275 275 tl~
I g g ~326 g 326 .~~:

8 g 3! 3! 326 326 326
:~i
::::~::::

I . 326 3! 326 326 326 g

I
10 g 326 326 326 326 326

POP 91.1 FUGHI RATE 9 9 10 10 10 10
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ZERO BASE OPERATIONS COST STUDY-C
KSCLAUNCHANDLANmNG

-

WBS DESCRIPTIONS

BASE OPERATIONS

. BASE OPERA T~ONS CONTRACT (WBS 3.0) - An efforts required to support Base Operations at the
Kennedy Space Center

.. Propellants aOOlife St)DpOr1Systems t\WS 3.1} - Responsible for the operation and maintenance of
propellant and pneumaticsystems, and propelant storage end distribution.Effortalso includes procuring
argon. halon, HCl. IPA. lO2F, NaCH, NH3, refrigerant 21, NH3. refrigerant 21, and solvent 113, and
manufacturing BAir. DM Waler.GH2.GD2A,G02F, and L4i'.

.. Pr V I -
f - ProvidescertifICationof all press~e ves5EI1s used by the

Base OperalJons Contrad for support to the Shuttle project.
.. Ranroad Operafjons (V'IBS 3.3) - Effortsrequiredto operateand maintain the KSC locomotives and railcars.
.. Ie ndin F' r i-Responsible for the management and operation of the

Shuttle landing Facirrty(SlF) In accordance with FAA pub6ca1ions. This includes operating the air traffic
control tower, scheduling all aircraft support operalions and coordinate required logistics in support of planned
flying a~yit!~s.
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ZERO BASE OPERATIONS COST STUDY-C
KSCLAUNCHANDLANmNG

was DESCRIPTIONS

LAUNCH SUPPORT SERVICES
. LAUNCH SUPPQRTSERVICES(WBS 4.0) - All efforts required to support launch services at the Kennedy SpacE

Center.-
~ I I r -- All Shultleservicesprovidedby the Directorof EngineeringDevelopment.These

services Includes the' operation and maintenanceof CAD/CAE'DPS to support tests conducted by the launch
EquipmentTest Facility (lETF) and structuraldesign analysis.helicopterengineeringsupportas required by FAA.
maintenanceof componentspecificationdrawings.for the conductof designInvestigationstudiesIn supportof Shultle
services. .

~ f;h' I I - All Shuttle services obtained direclly by the director of Shutlle .
Management and Operations. Responsible for the Government Furnished Material (GFM) and equipment
procurements. retrieval vessel fuel. maintenance and repair contracts (Including Artemis and Honeywell CDS).
Contingency landing SUeSupport and NSTS weather support.

.
~ I -- All Shullie servicesobtained directly from the ExecutiveManagementOffice.

Responsible for the Eastern Space and Missile Center (ESMC) support. FAA support. Department of Defense (000)
support and Helicopter support.

~ I - Efforts required to malnta.ln the KSC railroad. Including routine maintenance
of the railroad bridge operating and signal systems. track switches. grade crossing and signals. and patchwork repairs.
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YADUI RSfi
RATE PER YEAR FY92 F193 FY94 FY95 FYI FY97

1 1~ II 11 19) 11) 81
2 195 195 195 195 195 195

3 !IS XIS ~M5 ~3}5 n
0

221

....

~221 121 121 221 221
"6
-t

5 ~~229 229 22) 229
AI
0
r

6 ~21) 21 rJ6 21 236
rm
AI

7 242 242 242 2Q 242 2Q
,
7\lJ)

I 247 W 247 W 247 W
n

9 247 247 241 W 247 2(7
.- -

W10 247 247 241 W 247
POP91-1 RJGKf RATE 9 9 10 10 10 10
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING

WBS DESCRIPTIONS

LAUNCH SUPPORT SE VICES (COfflNUED)

. BiomedjcatOperations ~ Research lWBS 4.5l- Effor1S required for the BiomedicalOperations ~ Research Office
providing flightoorses, physician support, microbiologic:ansampling and analysis. and dinicallaboralory support... - Eftorts,.,ed lor cerer-wide management of 1hepress&n
vessel recertifICation program which involves the engineering review of new and existing pressure vessellsys1ems. the
maJntenance of a rbbhase, and 1he engineering assessment of KSC contractors on their certification of press&n
vesselsJsystems.
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING

.

WBS DESCRIPTIONS

PROPELLANTS

i
I
i

i
I

I

i
'i
"\
!i
:{

. PROPELLANTS (WBS 2.0) -This effort Includes the procurement of all propellants and gases.
purchased from other government agencies. Propellants Include: liquid hydrogen, gaseous helium,
gaseous nitrogen, liquid oxygen, hydrazines, and nitrogen tetroxide. Also Included Is the allocation for
the management of the lH2 plant In New Orleans.
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~tIIflrMT
RA 1E PER YEAR fYI2 FYI fY94 FYI FYI fYJ1

1 23.5 2U 25.6 2U 27J m
2 t$.7 27.4 2BJ 30.1 31.5 32.9

t'J

3 29J JJ] 321 33.7 35.2 36.8 w
~4

33.0 33.9 35.7 37~ 38.9 ~1 ~;u
0

5 ~1 372 39.1 40.8 1.2.7 44.0
rrm

6 38J 39.4 40J 419 «.9 1.3
;u,
7'

7 41.4 (2.D 435 45.1 (7.8 d3 U1
n

I W m 462 48.6 50.8 52.4

9- "- .~4 41.1 48.9 51.1 53.7 555

1D W 49.7 51.6 53.1 56.6 58.6

POP 91.1 FLIGHT RATE 9 9 10 10 10 10
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.

PROPELLENT COSTVS FLIGHT RATE

~~ruoo -
RATE PER YEAR FY92 FY93 n94 FY95 FY96 FY91:~~~;

: ~: ~ ~ ~ ~ I
3 8.5 8.9 9.3 9.1 10.2 10.6%: J:}

: 1:~ :~~ :~~ :~~ g:~ :~~I
6 11.8 12.3 12.9 13.4 14.0 141::m
7 14.9 15.5 16.2 16.9 11.1 18:5:\~i:

: .
:~l :~~ :~~ ::~ ~~ m

.
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.

:
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~
.

t
.\.
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.
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:

10 18.1 18.9

.
19.8 20.6 21.6 22.5::.:::,,:

POP91.IFUGHT RATE 9.
9 10 '10 10 10
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FY -94
FLIGHT RATE DELTA

FROM TO COST'

1 2 $32.0
2 3 28.3
3 4 140.6
4 5 41.1
5 6 34.8
6 7 120.6
7 8 48.4
8 9 . 17.5
9 10 16.3
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COST FOR ADDITIONAL MISSION

~----
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(/. PLUS COST TO ACTIVATE

~ (IF AVAILABLE)
- ---

ORBITERS, OPF BAY, VAS INTEGR CEll, MlP, GSE
ET CHECKOUT CEll, GSE

ORBITER, OPF BAY, MLP, PAD, GSE
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ADDITION OR DELETION OF 1 LAUNCH FROM STEADY STATE RATE

.~
.. AT LEAST 2 YEAR NOTIFICATION
.. AVERAGE COMPLEXITY MISSION
.. MISSIONS -EVENLY SPACED- THROUGHOUT THE YEAR AT HIGHER RATE

. 1S
.. ACCEPT PROPOSED POP go..2.COST PER FLlGHT.~RGINAt. COST DATA~
. $4.8 M IN FY 94 (INCLUDES PROPELlANT $1.2M, SPC SO.7M, BOC $O.2M, lSS

$2:7M) - - - --
--'--~- ~.~~. '.- -,... - -: - -",-

. ST 0 ADDI 10 A 1551
.COST AT NEXT HIGHER INCREMENTAL LAUNCH RATE FOR 1 1/4 YEARS
.. 12 MONTHS OF -oPERATION- AT NEXT HIGHER LEVEL
. 3 MONTHS PENAL TV COST (INCLUDES HIRING, TRAINING, CERTIFICATION

OF PERSONNEL, TERMINATION OF PERSONNEL)

.. ie- - D
.. ORBITERS, PAD, MlPs, OPF HI-BAYS NOT MAINTAINED
.. TIME AND COST MAY BE PROHISmVE
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ZERO BASE OPERATIONS COST STUDY-C
KSC LAUNCH AND LANDING
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SUMMARY

. ZERO BASE STUDY BASED ON lONG TERM. STEADY
STATE LAUNCH RATE - DOES NOT APPLY TO NEAR
TERM MISSION DELETIONS

. KSC MANPOWER IS FACILITY DRIVEN. REDUCTIONS
ARE DEPENDENT UPON GUIDELINE TO "NOT
MAINTAIN" ORBITERS, FACILITIES & GSE NOT

.- "- REQUIRED FOR A GIVEN LAUNCH RATE.
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SPACE SHUTTLE MAIN ENGINE PROJECT

. ZERO BASE OPERATIONS COST STUDY
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MSFC
ZERO BASE OPERATIONS COST STUDY

SSME
GROUNDRULES AND ASSUMPTIONS
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. SSME OPERATIONS BUDGET IS 34% OF THE TOTAL SSME PROJECT BUDGET

. ASSUME PRODUCTION REMAINS AS IN THE POP 91-1, SSME HAS 19
ENGINES ON CONTRACT AT PRESENT, INCLUDING OV-10S ENGINES

. ANY VARIATION TO THE PRESENT PRODUCTION BUDGET WILL PERTURB
THIS EXERCISE

. ASSUMED A MINIMUM SPARES CAPABILITY OF ONE EQUIVALENT ENGINE
BUILD PER YEAR

. OVERHEAD IMPACT NOT CONSIDERED
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MSFC
ZERO BASE OPERATIONS COST STUDY

SSME

ADVANTAGES FROM PRODUCTION FOR OPERATIONS

. TESTING 80TH DEVELOPMENT AND ACCEPTANCE

. FLIGHT RETROFIT OF HARDWARE:

. PHASE2 +

. SINGLE COIL HEAT EXCHANGER

. ALTERNATETUR80PUMP
.

. NEW ATTRITION ENGINES

.. MANPOWER - 80TH HANDS-ON AND SUPPORT

. MINIMUM SKilL lEVELS



PROJECT ELEMENT FLIGHT RATE ($)
1 2 3 4 5 8 7 8 9

SSME ANOMALY RESOLUTION 17.7 17.7 17.7 20.2 20.2 20.2 21.5 21.5 22.4 22
SSME FLIGHT SUPPORT 20.1 20.1 20.1 24.9 24.9 24.9 26.6 26.6 27.4 27
SSME LOGISTICS CANOGA 3.3 3.3 3.3 6.4 6.4 6.4 6.4 6.4 6.4 e
SSME SPARES 45.4 45.4 45.4 48.8 52.3 55.8 59.3 62.8 66.3 69
SSME REFURBISHMENT 5.2 5.2 5.2

' 7.0 8.7 10.5 12.2 14.0 15.7 17

.

TOTAL 91.7 91.7 91.7 107.3 112.5 117.8 128.0 131.3 138.2 14
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27. 91 ZERO BASE OPL= \TIONS COST STUDY
MSFC - SPACE SHUTTLE MAIN ENGINE

SHUTTLE OPERATIONS COSTS BY ELEMENT-- FY 94 IN RY $
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MSFC
ZERO BASE OPERATIONS COST STUDY

SSME

ANOMALY RESOLUTION

. MANPOWER, MATERIALS, AND SERVICESTO SUPPORT ANALYSIS OF SSME
HARDWARE ANOMAL,ES

. EXCLUDES ANALYSIS OF HARDWARE UNIQUE TO THE DEVELOPMENT
PROGRAM .

(14'



MSFC .
ZERO BASE OPERATIONS COST STUDY

SSME

FLIGHT SUPPORT

. PRE/POST FLIGHT ANALYSIS AND SUPPORT

. HI/HR CRITICAL SKILLS AND DEPOT SUPPORT

. LAUNCH SUPPORT SERVICES (LSS)

. elL CONTROUMAINTENANCE

° . HSL (EXCLUDoES APPROXIMATELY 50% HSL EFFORT COVERED UNDER
BLOCK II CONTROLLER)

. WELD DEFECT REPORTING

. AUTOMATED CYCLE TIME SYSTEM (ACTS)

. PROBLEM REPORTING AND MANAGEMENT SYSTEM (PRAMS)

J' IHi

'7J
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MSFC
ZERO BASE OPERATIONS COST STUDY

SSME

LOGISTICS - CANOGA

. LOGISTICS ENGINEERING, SUPPLY SUPPORT, WAREHOUSING AND
INVENTORY MANAGEMENT, AND GROUND OPERATIONS TRAINING

. FIELD SUPPORT, MANUAL MAINTENANCE, AND TRAINING

. SPARES PROVISIONING, DEPOT WAREHOUSING, AND ENGINE
COMPONENT OVERHAUL

r-tV
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ZERO BASE OPERATIONS COST STUDY
SSME
SPARES

. NEW HARDWARE REQUIRED TO SUPPORT FLIGHT

. INCLUDES MAJOR COMPONENTS SUCH AS POWERHEAD, MCC, NOZZLE,
AS WELL AS ALL AVIONICS, VALVES, AND ACTUATORS
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. ALSO INCLUDES MISCELLANEOUS HARDWARE THAT IS EXPENDED EACH
FLIGHT (APPROXIMATELY 300K)

. POP 91-1 REQUIREMENTSARE BASES FOR ESTIMATION OF COMPONENT
MTBF LIFELIMITS, INITIAL STATE,DAR LIMITS, ATTRITION, FLIGHTRATE,
AND 90% POS FOR SPAREHARDWARE

. EXPOSURE TIME, AS WELL AS NUMBER OF ENGINES REQUIRED FOR FLIGHT
RATE, DETERMINED LEVEL OF SPARE HARDWARE

. MUST MAINTAIN 90% POS

. AMPLE NUMBER OF SPARES MUST BE MAINTAINED TO INSURE FLIGHT
CAPABILITY

. REQUIREMENTS FOR SPARE ENGINES, AS WELL AS ATTRITION ENGINES. ARE
COVERED UNDER PRODUCTION (UPN 553) THESE ENGINES ARE ALREADY ON

AnrnAn"l"nr:IMITIAI CTATt:
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MSFC
ZERO BASE OPERATIONS COST STUDY

SSME

LOGISTICS -CANOGA

. LOGISTICS ENGINEERING, SUPPLY SUPPORT, WAREHOUSING AND
INVENTORY MANAGEMENT, AND GROUND OPERATIONS TRAINING

. FIELD SUPPORT, MANUAL MAINTENANCE, AND TRAINING

. SPARES PROVISIONING, DEPOT WAREHOUSING, AND ENGINE
COMPONENT OVERHAUL

r-fI1



M~r~
ZERO BASE OPERATIONS COST STUDY

SSME
SPARES

II ,.

. NEW HARDWARE REQUIRED TO SUPPORT FLIGHT

. INCLUDES MAJOR COMPONENTS SUCH AS POWERHEAD, MCC, NOZZLE,
AS WELL AS ALL AVIONICS, VALVES, AND ACTUATORS

. ALSO INCLUDES MISCELLANEOUS HARDWARE THAT IS EXPENDED EACH
FLIGHT (APPROXIMATELY 300K)

. POP 91-1 REQUIREMENTS ARE BASES FOR ESTIMATION OF COMPONENT
MTBF LIFE LIMITS, INITIAL STATE, DAR LIMITS, ATTRITION, FLIGHT RATE,
AND 90% POS FOR SPARE HARDWARE

. EXPOSURE TIME, AS WELL AS NUMBER OF ENGINES REQUIRED FOR FLIGHT
RATE, DETERMINED LEVEL OF SPARE HARDWARE

. MUST MAINTAIN 900/. POS

. AMPLE NUMBER OF SPARES MUST BE MAINTAINED TO INSURE FLIGHT
CAPABILITY

. REQUIREMENTS FOR SPARE ENGINES, AS WEll AS ATTRITION ENGINES, ARE
COVERED UNDER PRODUCTION (UPN 553) THESE ENGINES ARE ALREADY ON
,."aITn A r-r A lun 1\ DC DI\ DT nl= INITIAl c;TATf
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. MSFC .
ZERO BASE OPERATIONS COST.STUDY

SSME

REFURBISHMENT

. REPAIR AND OVERHAUL FLIGHTENGINESAND MAJOR FLIGHT
COMPONENTS

.

. FLIGHT EXPOSURE DRIVEN

. LABOR AND MINOR HARDWARE

. NO NEW HARDWARE PURCHASED IN THIS CATEGORY

<.'.
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FLIGHTS/YEAR

BASE
(1.3 FLIGHTS)

I.'.

ZERO BASE OPERATIONS COST STUDY
SSME

MAJOR DRIVERS TO THE MINIMUM BASE

RATIONALE:

. SPARESIREFURBISHMENT . CRITICAL SKILLS FOR MANUFACTURING.

PRODUCTION BUDGET REMAINS INTACT;
OPERATIONS ASSUMED TO REQUIRE MINIMUM
SKILLS FOR ONE EQUIVALENT ENGINE BUILD PER
YEAR

. CRITICAL SKILLS FOR ENGINEERING

. CRITICAL SKILLS FOR ENGINEERING

. CRITICAL SKILLS FOR ENGINEERING

. FLIGHT SUPPORT

. ANOMALY RESOLUTION

. LOGISTICS @ CANOGA

?II!)



4 FL TSIYR

5.6 FLTSIYR

7 FL TSIYR

B FLTSIYR

9 FL TSIYR

10 FLTSIYR

(2) IRe.' ,/91 l)

SSME

ZERO BASE .OPERATIONS COST STUDY

FLIGHT INCREMENT DRIVERS

. ADDITIONAL ENGINEERING AND SUPPORT MANPOWER FOR FLIGHT SUPPORT,

ANOMALY RESOLUTION 8. LOGISTICS

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE COST BASED ON HIGHER

HARDWARE EXPOSURE TIME

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE COST BASED ON HIGHER

HARDWARE EXPOSURE TIME.

. ADDITIONAL ENGINEERING AND SUPPORT MANPOWER FOR FLIGHT SUPPORT AND

ANOMALY RESOLUTION

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE COST BASED ON HIGHER

HARDWARE EXPOSURE TIME. .

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE COST BASED ON HIGHER

HARDWARE EXPOSURE TIME

. ADDITIONAL MANPOWER FOR FLIGHT SUPPORT AND ANOMALY RESOLUTION

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE BASED ON HIGHER

HARDWARE EXPOSURE TIME

. ADDITIONAL REFURBISHMENT AND SPARES HARDWARE BASED ON HIGHER

HARDWARE EXPOSURE TIME

-~
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ZERO BASE OPERATIONS COST .STUDY
SSME

MANPOWER SUMMARY BY ELEMENT

MANPOWER (MYE'S)
800

400 -

600

200
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ZERO BASE OPERATIONS COST STUDY
SPACE SHUITlE PROGRAM OFFICE

GROUNDRUlES & ASSUMPTIONS

GENERAL .
0 ASSUME SYSTEM INTEGRATIONIPAYlOAD CARGO INTEGRATION NOT IMPACTED

BY POTENTIAL CONTRACT RECOMPETITION .
0 ASSUME ROCKWELL TOTAL BUSINESS BASE STABLE OR RATE INCREASES

ACCOMMODATED BY APA FUNDING .

0 OVERALL FLIGHT RATE CAPABILITY AT ZERO BASi: REFFLECTS COMPOSITE OF
FUNCTIONAL DISCIPLINES WITH DIFFERENT MINIMUM CRITICAL SKillS lEVELS

ENGINEERING INTEGRATION
0 ASSUME NO TASK RESTRUCTURING AS A RESUt T OF RI COST

REDUCTION INITIATIVE

0 CURRENT SYSTEM INTEGRATION FLIGHT SUPPORT TEMPLATE IS 20 MONTHS
PRE-FLIGHT AND 4 MONTHS POST-FLIGHT

I

INTEGRATION AND OPERATIONS
0 ASSUME 19.5 MONTH STANDARD PAYlOAD/CARGO INTEGRATION MISSION

PRODUCT FLOW GENERIC TEMPLATE

0 ASSUME 28 MONTH PAYLOAD ICD DEVELOPMENT TEMPLATE ASSUMING AN AVERAGE OF 2
NEW PAYlOAD lCD'S PER FLIGHT. DOES NOT INCLUDE EXTENDED TEMPLATE
(58 MONTHS) FOR SPACE STATION FREEDOM ICD DEVELOPMENT

MANAGEMENT INTEGRATION
0 SINGLE SHIFT OPERATIONS
0 PRCB WilL OPERATE AS NORMAL FOR FLIGHT VEHICLES
0 EXISTING INFORMATION SYSTEMS AND PROCESSES WILL REMAIN ACTIVE
0 IMPROVEMENTS TO SYSTEM AND PROCESSES WILL CONTINUE TO BE MADE



PROJECT ELEMENT FLIGHT RATE
1 2 3 4 5 8 7 8 9 10

ENGINTEG TECHNICAL SUPPORT 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9
ENGINTEG FLIGHT SUPPORT 35.4 35.4 35.4 35.4 37.3 39.2 41.1 43.1 45.0 47.0
ENGINTEG ADMINISTRATIVE SUPPORT 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5
ENGINTEG DEVELOPMENT FOR OPERATIONS 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

SUBTOTAL 89.5 89.6 89.5 89.5 91.4 93.3 95.2 97.2 99.1 101.1

,,' .

INTEGOPS PIL INTERFACE /CARGO INTEG DOC 5.2 6.1 6.8 8.0 9.0 9.7 10.7 11.5 12.2 12.8

INTEG OPS CARGO INTERFACE ANALYSIS 8.7 8.7 9.9 12.2 14.2 16.9 19.6 22.3 25.1 27.9

INTEGOPS CARGO INTEG MANAGEMENT 2.7 2.8 2.8 3.3 3.9 4.9 5.4 5.9 6.1 6.1 !

INTEGOPS PAYLOAD/CARGO INTEG ROMS 2.2 2.2 2.5 2.9 3.0 3.6 3.8 3.8 4.1 4.1

INTEGOPS STSOC PROJECT SUPPORT 5.4 5.4 5.5 6.3 6.9 7.4 8.2 8.7 9.2 9.9

INTEG OPS MISC EQUIPMENT/OTHER 3.7 3.7 3.7 3.7 3.7 3.7 3.7 ,3.7 3.7 3.7

,

"

SUBTOTAL 27.9 28.9 31.2 36.4 40.7 46.2 51.4 55.9 60.4 84.51
~.

11.91MGMT INTEG CONFIGURATION MANAGEMENT 8.6 9.0 9.8 10.0 10.6 11.2 11.4 11.6 11.9
i

MGMT INTEG INFORMATION MANAGEMENT 9.9 10.1 10.4 10.6 10.6 11.1 11.1 11.1 11.1 11.1!

MGMT INTEG EQUIPMENT & SEI:tVICES 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 I

MGMT INTEG OTHER SUPPORT TO KSC,HQ 0.4 0.6 0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.8

SUBTOTAL 22.9 23.7 24.8 25.2 26.0 27.1 27.3 27.5 27.8 27.8I

TOTAL 140.3 142.1 145.5 151.1 158.1 166.8 173.9 180.6 187.3 193."I

27-Jun-91 ZERO BASE OPERATIONS COST STUDY
SPACE SHUTTLE PROGRAM OFFICE

SHUTTLE OPERATIONS COSTS BY ELEMENT -~ FY 941N RY $



PROJECT ELEMENT fliGHT RATE
- '- 1 2 3 4 5 8 7 8 9 10

ENGINTEG TECHNICAL SUPPORT 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9 32.9
ENGINTEG FLIGHT SUPPORT 35.4 35.4 35.4 35.4 37.3 39.2 41.1 43.1 45.0 47.0
ENGINTEG ADMINISTRATIVE SUPPORT 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5 18.5
ENGINTEG' DEVELOPMENT FOR OPERATIONS 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

SUBTOTAL 89.6 89.6 89.5 89.5 91.4 93.3 95.2 97.2 99.1 101.1

INTEG OPS PIL INTERFACE /CARGO INTEG DOC 5.2 8.1 6.8 8.0 9.0 9.7 10.7 11.5 12.2 12.8
INTEGOPS CARGO INTERFACE ANALVSIS 8.7 8.7 9.9 12.2 14.2 16.9 19.6 22.3 25.1 27.9
INTEGOPS CARGO INTEG MANAGEMENT 2.7 2.8 2.8 3.3 3.9 4.9 5.4 5.9 6.1 6.1 i
INTEGOPS PAVLOAD/CARGO INTEG ROMS 2.2 2.2 2.5 2.9 3.0 3.8 3.8 3.8 4.1 4.1

INTEG OPS' STSOCPROJECTSUPPORT 5.4 5.4 5.5 6.3 6.9 7.4 8.2 8.7 9.2 9.9

INTEG OPS <" MISC EQUIPMENT/OTHER 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7,
SUBTOTAL 21.9 28.9 31.2 38.4 40.7 48.2 61.4 55.9 60.4 64.& I

:
I

MGMTINTEG CONFIGURATION MANAGEMENT 8.6 9.0 9.8 10.0 10.6 11.2 11.4 11.6 11.9 1t91

MGMTINTEG INFORMATION MANAGEMENT 9.9 10.1 10.4 10.6 10.6 11.1 11.1 11.1 11.1 11.1 i
MGMTINTEG EQUIPMENT & SERVICES 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 i

MGMTINTEG OTHER SUPPORT TO KSC.HQ 0.4 0.6 ,0.6 0.6 0.8 0.8 0.8 0.8 0.8 0.8

SUBTOTAL 22.9 23.7 24.8 25.2 26.0 27.1 27.3 27.5 21.8 21.8

TOTAL 140.3 142.1 145.6 151.1 158.1 168.8 173.9 180.8 187.3 193.4

27-Jun-91 ZERO BASEOPERATIONSCOSTSTUDY
SPACE SHUTTLE PROGRAM OFFICE

SHUTTLE OPERATIONS COSTS BY ELEMENT -~ FY 94 IN RY $
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ZERO BASE OPERA..luNS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRA TION

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS
ELI.W.YB BAIlQHAIJ;
1-4 (BASE)' . TECHNICAL SUPPORT (WBS 39.1)

. FLIGHT DESIGN ANALYSIS SUPPORT

. TECHNICAL DATABASE & DATABOOK MAINTENANCE
I

.
. AVIONICS SYSTEM'INTEGRATION
. FLIGHT SOFTWARE REQUIREMENTS INTEGRATION

.. FLIGHT SUPPORT (WBS 39.2)
. CONFIGURATION REQUIREMENTS INTEGRATION
. OMRSD/LCC
. MSR & POST FLIGHT ANALYSIS
. FLIGHT DESIGN & MARGIN ANALYSIS
. ASCENT FLIGHT SOFTWARE REQUIREMENTS

. ADMINISTRATIVE SUPPORT (WBS 39.3)
. BUSINESS MANAGEMENT
. PROJECT ENGINEERI~G/MANAGEMENT
. OFF-SITE SUPPORT

. DEVELOPMENT FOR OPERATIONS (WBS 39.4)
. AERO DATABASE/INSTRUMENTATION

5~10
(INCREMENTS)

. FLIGHT SIIPPORT (WBS 39.2)
EaUAL COST INCREMENTS ESTABLISHED FOR PER FLIGHT
INCREASES ABOVE Pl\SE BY LINEARIZING FRACTIONAL SUPPlJRT
OF 44 SKILLS REPR~ /ENTING 33 FLIGHT SUPPORT TASKS O/..
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ZERO BASE OPERA ~NS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRATION

TECHNICAL SUPPORT (WBS 39.1)
. METRICS

. GROUND SYSTEM INTE(;RATION - GSE UTILIZATIONLIST, GROUNDSYSTEM DESIGN
. .

PACKAGES.
..

"
"

. LEVEL II lCD'S & SCHEMATICS - ELEMENT.ELEMENT & ElEMENT.GROUND lCD'S, SSP
FLIGHT SYSTEM INTEGRATED SCHEMATICS

. INTEGRATED LOGISTICS SUPPORT -INTEGRATED LOGISTICS PANEL ACTIONS

. FLIGHT DESIGN ANALYSIS SUPPORT - ACTIONS FROM LEVEL "II TECHNICAL PANELS &.
"

WORKING GROUPS
. PCASS SUPPORT - DATABASE INTERFACE, DATA TRANSFER & REPORT GENERATION

SOFTWARE
-

. (t~GINEERING ANALYSIS & LSEAT CO"FIG MGMT - ANALYTICAL PROCESSES,

"

DATABASES, COMPUTER PROGRAMS

. TECHNICAL DATABASE & DATABOOK MAINTENANCE - DATABASE & DATABOOK UPDATES

. LEVEL II CHANGE REQUEST ASSESSMENT - LEVEL II CHANGE EVALUATIONS

. LEVEL II SAFETY/HAZARDS ANALYSIS - ANALYSES, EVALUATIONS, BRIEFINGS

. PROBLEM ASSESSMENTITRENDING - LEVEL II PROBLEM REPORTS

. AVIONICS SYSTEM INTEGRATION - AVIONICS & SOFTWARE CHANGE EVALUATIONS

. FLIGHT SOFTWARE REQUIREMENTS INTEGRATION - ~~~~:fg
& SOFTWARE CHANGE

f)'7



ZERO BASE "OPERA..ONS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRA TION

FLIGHT SUPPORT (WBS 39.2)
METRICS

~ CONFIGURATION REQUIREMENTS INTEGRATION - SSV CONFIGURATION BASELINE &
.

CHANGES
. OMRSD/LCC - OURSO' Lce REQUIREMENTSCHANGE PAPER

. Msn & POST FLIGHT ANALYSIS- REAL-TIME"' POSTFLIGHT SSV PERFORMANCE DATA
.

. FLIGHT DESIGN & MARGIN ANALYSIS - SYSTEM INTEGRATION ASCENT FLIGHT COFR
REQUlltEMENTS

. RVAS, COFRSUPPORT- REQUIREMENTS ACCOUNTING DATABASE RECORDS

. MASS PROPERTIES. MASS PROPERTIES DATABASE RECORDS

. LSEAT - DATABASES & ANALYTICAL PROGRAMS

. OMI/TOPS REVIEW. KSC WORK REQUIREMENTS & IMPLEMENTATION PAPER

. ASCENT FLIGHT SOFTWARE REQUIREMENTS. SAIL TEST SHIFTS, FSSR & PRO
. UPDATES

. MAST SUPPORT. SSV' MISSION DATA CHANGES.

. FLIGHT DATA FILE' FLIGHT RULES ASSESSMENT. FLIGHT DATA FILE & FLIGHT
RULES CHANGE PAPER

ga



ZERO BASE OPERA'. IONS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRATION

ADMINISTRA TIVE SUPPORT (WBS 39.3)
METRICS

. BUSINESS MANAGEMENT - FINANCIAL REPORTS & CHANGE PAPER
.,. .

. PROJECT ENGINEERING/MANAGEMENT - CONTRACT TASKS & SCHEDULES, LEVEL II
MEETINGS & CHANGE PAPER

. OFF-SITE SUPPORT .- .OFF-SITE CONTRACT TASKS

En



ZERO BASE OPERA'. .DNS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRATION

DEVELOPMENT FOR OPERATIONS SUPPORT (WBS 39.4)
METRICS

. AEf10 DATABASE/INSTRUMENTATION. TEST REQUIREMENTS. SSP INSTRUMENTATION

. LOADS ENVIRONMENTS/ANALYSIS. SSV PROGRAM CHANGES AFFECTING INTEGRATED
LOADS ENVIRONMENTS

. OPERATIONAL TOOLS DEVELOPMENT. TECHNICAL ANALYSIS PROCESSES,
. .

DATABASES. COMPUTER PROGRAMS
. OTHER. DOLILU ANALYSIS REQUIREMENTS

.

"
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ZERO BASE OPERATIONS COST STUDY
SPACE SHUTTLE ENGINEERING INTEGRATION
MANPOWER SUMMARY BY FUNCTION-FY94

CUM MANPOWER (MYE',)
700

.
87&

860

660 ~ ~

826 - -

fiOO

676

62&

2 .. 7 8

1

9600
t .3 a 8

FLIGHT RATE
10

-A- ENGINEERING

-e- LOGISTICS

-a- RELIABILITY. SAFETY

-*- BUS I SIC MOT
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ZERO BASE OPERATIONS COST STUDY
INTEGRATION AND OPERATIONS
PA YLOAD/CARGO INTEGRATION

TASK PERFORMED BY WBS

. .. PAYLOAD INTERFACE ANALYSIS/CARGO INTEGRATION DOCUMENTATION (WBS 26.2.02/05)

. DEVELOP PAYLOAD/STS INTEGRATION CONCEPTS FOR INDIVIDUAL PAYLOADS

. ESTABLISH ESTIMATED COSTS FOR CANDIDATE INTEGRATION CONCEPTS

. GENERATE UNIQUE PAYLOAD lCD'S SUPPORTING THE DEVELOPMENT OF PAYLOAD/CARGO
INTEGRATION PLANS AND ASSOCIATED ANNEXES

. ESTABLISH AND IMPLEMENT STS MATH MODELS

. PAYLOAD INTEGRATION REQUIREr~ENTS AND SUPPORT

. DEVELOP, UPDATE, AND MAINTAIN DOCUMENTATION

. SHUTTLE/CARGO INTERFACE SPECIFICATION (CORE ICD)

. UNIQUE CARRIE,R lCD'S

. CONFIGURATION CONTROL PLANS

MMI( (" "('1~'"I..".U '.b''';'''. "'''
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ZERO BASE OPERl\. .JNS COST STUDY
INTEGRATION AND OPERATIONS
PA YLOAD/CARGO INTEGRATION

TASK PERFORMED BY WOS

. CARGO INTERFACE ANALYSIS (WOS 26.2.03)

" PROVIDE THE TECHNICAL DESIGN AND ANALYSIS TO INTEGRATE A SPECIFIC SET OF PAYLOADS ON AN
STS MISSION

. ,. PAYLOAD/CARGO COMPATIBILITY ASSESSMENT

. PAYLOAD/CARGO DESIGN

0 PA YLOAD/C.ARGO INTERFACE DESIGN VERIFICATION

. PROVIDE DESIGN CENTER LAUNCH SITE SUPPORT (LSS)

. PR'OVIDE AND MAINTAIN INTEGRATED HARDWARE LOGISTICS, MAINTENANCE, AND SPARES SYSTEMS

. CARGO INTEGRATION MANAGEMENT (WBS 26.2.(6)

. PROVIDE TECHNICAL MANAGEMENT TO ALL ACTIVITIES

. PROVIDE PROJECT ENGINEERING TO ALL ACTIVE PAYLOADS

. PROVIDE BUSINESS MANAGEMENT TO IDENTIFY, SCHEDULE, CONTROL, AND DISSEMINATE CARGO
INTEGRATION DATA

. PAYLOAD CARGO INTEGRATION ROM SUPPORT (WBS 26.2.08)

. PROVIDE ROUGH-ORDER-MAGNITUDE (ROM) PROPOSAL SUPPORT, IN THE AREAS OF MANUFACTURING,
MATERIAUSUBCONTRACTS, PROJECT MANAGEMENT, AND FINANCE AND ADMINISTRATION, FOR
CHANGES IN RESPONSE TO NASA/JSC DIRECTION

. PERFORM HARDWARE ANALYSIS DESIGN CONCEPT STUDIES AND GENERATE PRELIMINARY
REQUIREMENTS DOCUMENTS AS REQUIRED

"I'
((II

0'""'''
JJun..1...... J, ,. AJ~



PROJECT elEMENT PROGRAM FUNDED MANPOWER MYE'S)
1 2 3 4 5 8 7 8 9 10

INTEG OPS PAYLOAD SAFETY PANEL SPT 1 1 1 1 1 1 1 1 1 1
INTEGOPS INTEGRATION MANAGEMENT 32 32 32 37 40 43 46 49 52 56
INTEGOPS CARGO ENGINEERING 12 12 13 15 16 17 19 20 21 22
INTEG OPS MISSION INTEGRATION 15 15 15 17 20 22 25 27 29 ..32

-

.

TOTAL 80 80 81 70 77 83 91 97 103 111

27-Jun-91 ZERO BASE OPERATIONS COST STUDY.
SSPO - INTEGRATION AND OPERATIONS

SHUTTLE OPERATIONS MANPOWER FOR STSOC



ZERO BASE OPERATIONS COST STUDY
STSOC

CONTRACT NAS 9-18000
.

INTEGRAT~'MANAGEMENT

0 PREPARES CORRESPONDENCE, CHARTS, DOCUMENTS, MAINTENANCE
OF CALENDARS, AND SCHEDULING OF MEETINGS.

0 SUPPORTS CONFIGURATION BASELINING, CONTROL AND MAINTENANCE OF
ALL SSP GENERIC. FLIGHT AND PAYLOAD DOCUMENTATION

0 SUPPORTS BASELINING PROCESS FOR PAYLOAD SCHEDULE TEMPLATES..
AND ASSOCIATED SCHEDULES.

.

0 SUPPORTS CONFIGURATION MANAGEMENT, MAINTENANCE, AND OPERATIONS
OF AUTOMATED MISSION AND PAYLOAD TRACKING SYSTEM (AMPTS)

MISSION INTEGRATION

0 SUPPORTS FLIGHT RATE CAPABILITY ASSESSMENTS AND STS UTILIZATION
PLANNING AND MANIFESTING ANALYSES

0 SUPPORTS FLIGHT PRODUCTION SCHEDULING, REVIEW OF CERTAIN PIp.
ANNEXES AND REAL TIME OPERATIONS

CARGO ENGINEERING

0 SUPPORTS THE DEVELOPMENT BASELINING, CONTROL, MAINTENANCE
AND STATUS OF PAYLOAD INTERFACE CONTROL DOCUMENTS (lCD'S),
ANNEX 1'8, AND ANNEX g'S.

SUPPORTS THE ASSESSMENT OF PAYLOAD EMI0

OL



ZERO BASE OPERATIONS COST STUDY
INTEGRATION AND OPERATIONS

EQUIPMENT/OTHER SUPPORT

, . UPPER STAGES SUPPORT

. TRANSFER ORBITER STAGE (TOS) SUPPORT, UNIQUE WIRING, EVA SUPPORT

. MISSION INTEGRATION SUPPORT

. TV WORKING GROUP

. CUSTOMER SUPPORT ROOM

. INTEGRATION MANAGEMENT SUPPORT

. SOF~AREENHANCEMENTSNPGRADES

. PRODUCTION HARDWARE SUPPORT

"It( 01061'" J
.un.16,

I'" . II AM

~h
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SPACE SHUnLE PROGRAM

MANAGEMENT
INTEGRA nON

OFFICE

SUIJEa: NAME:

ZERO BASE OPERATIONS

GENERAL GROUND RULES/ASSUHPTIONS

DAVID C. SCHULTZ

DATE:

5/31191
PAGE

2

SPECIFIC TO HANAGEHENT INTEGRATION

. SiNGlE SHIFT OPERATIONS
I. PRCB WILL OPERATE AS NOUW. Flit FLIGHT VEHICLES

. EXISTING INFOUtATIDN SYSTEHS AND PROCESSESWILL REMIN ACTIVE

. IHPROVEHENTS TO SYSTEH AND PROCESSESWILL CONTINUE TO BE HADE

INTERDEPENDENCIES OF OPERATIONS AND PRODUCTION BUDGETS

. 90.2% (f HANAGEHENT INTEGR!\TION BUI&:T IS OPERATIONS. REMINING IS PRODUCTION.
EUUIPHENT AND SERVICES (FY92. 91-1)

. PRODUCTION FUNDS USED Flit IEVELOPHENTIf NEW INFIlUlATION,SYSTEH AND REPLACEHENTOF
OBSOlETE EDUIPHENT
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NASA
SPACE SHUTTLE PROGRAM

MANAGEMENT
INTEGRA nON

OFFICE

SUBJECT:

ZERO BASE OPERATIONS

ELEHENT DESCRIPTIONS

-.

NAME: .
DAVID C. SCHULTZ

DATE:

5/31/91
PAGE

3

. CUHFI GURATI (14 HANAGEtENT
.'

- RSOC ~ Jst

- ROCKWEll SYSTEH INTEGRATI(Jj - KSt. HSFt. NASA HEADQUARTERS. AND RI-DOWNEY

. INFORHATION HANAGEHENT

- RSOC - JSC

- ROCKWEll SYSTEH INTEGRATI~ - KSC. HSFt. NASA HEADQUARTERS. AND RI-DOWNEY

. OPERAT I ONS

- ROCKWEll SYSTEH INTEGRATIII4.- KSt AND NASA HEADQUARTERS

. EOOI PHENT AND SERVI tES
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NASA
SPACE SHUnlE PROGRAM

MANAGEMENT
INTEGRA TION

OFFICE

SUBJECT: NAME:

-ZERO BASE OPERAT I ONS

HETRICS

DAVID C. SCHULTZ

DATE:

5/31/91
PAGE

IIA

CONFIGURATION HANAGEHENT
,. WOOKLOAD ONlY PARTLY RELATED TO FLIGHT RATE. EXAHPLE OF 1990 ACTIVITY:

- LEVEL. II ACT I ONS. OPENED 7921, CLOSED 8387

- CHANGE PACKAGES Flit LEVEL II DOCUHENTS III

- PAGES PUBLISHED FOR LEVEL II DOCUHENTS 9792 (11,656 PAGES PUBLISHED IN NO
FLIGHT YEAR OF 1987)

. - CHANGES PROCESSED 32q6

- WORK AUTHORIZATION DOCUHENTS (WADS) LOGGED AND REVIEWED 70,000

- WAD'S HICR(f ILHED 88.000 PAGES

- ENGI NEERI NG IJUJERS REV I EWED AND ANAlYZED 13,000

- ENGI NEERI NG ISSUES RESOl YED 500

- TECH OUJERS ANALYZED 1500

"aDDITIONAL INFOOHATloN IN -SUPPOOTING DATA-.



NASA
SPACE SHUnLE PROGRAM

SUBJECT: NAME:

ZERO BASE OPERATIONS DAVID'C. SCHULTZ
MANAGEMENT
INTEGRA TION

OFFICE
HANPOWER SUHHARY BY FUNCTION FY9Q DATE:

5/31/91
CUM MANPOWER (MYE'.)

250
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N. ..
SPACE SHUnlE PROGRAM

MANAGEMENT
INTEGRA nON

OFFICE

SUIJEQ: NAME:

ZERO BASE OPERAT I ONS

HETRI CS

DAVIQ C. SCHULTZ

DATE:

5/31/91
PAGE

liB

INFORMATION HANAGEHENT

. WORK LOAD NOT RELATED TO FLIGHT RATE BUT TO NUHBER IF INFORMATION SYSTEHS AND

NUHBER OF PROGRAM OFFICE AND SUPPORT CONTRACTOR PERSONNEL

- SEVEN. HAJII{ CIIIPUTER SYSTEHS

- OFFICE AUTOHATION SYSTEH, PROGRM DOCUMENTATION SYSTEH , ARTEMIS, IMIC,
DOCUMENTATIONSUPP(I{T SYSTEH, BARS, OHRSILCC, XEROX SECRETARIAL SYSTEM

FIVE NETWORKS

- NASANET, NPSS, PSCNI, SSP ETHERNET, ARTEHIS

- 500 NETWmKED PERS(JfAl CIIIPUTERS

- 500 PROGRAH(fFICE PERS(Jf£L PERSONNEL SUPPlltTED AT FIVE LOCATIONS

- 1300 CALL F(I{ ASSISTANCE HANDLED PER OTH

11'1/1
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SPACE SHUnLE PROGRAM

MANAGEMENT
INTEGRA TION

OFFICE

SUBJECT: NAME:

ZERO BASE OPERATIONS. .
EOUIPHENT ~D SERVICES

BUDGET

TASK DESCRIPTION

DAVID C, SCHULTZ.
DA TE:

5/2q/9J
PAGE

32R

.PURPOSE

. FUNDS PURCHASES IF CIIIPUTER, COItUNICATIONS AND SIFTWARE FOt SPACE StlUTTLE PROGRAH
(G. T. II. AND H) AND LEVEL I (EXAHPLES):

- 'SHUTTLE mAiliNG SYSTEH (SDS)

- IIARDWARE FOt PROGRAH'S IFF ICE AUTIltATION SYSTEH NETWORK AT JSC, KSC, HSFC,
.NASA IIEADOUARTERS AND ROCKWEll-DOWNEY: ROUTERS AND INTERFACE BOXES

- PERSONAl COttPUTER WOOKSTATIIIfS FOt PROGRAH OFFICE AND SUPPOtTING CONTRACTOR
PERSONNEL .

. - BARS TERHINAlS AND PRINTERS

. FUNDS ACOUISITUIf IF SPECIAL SERVICES (EXAHPlES): ,

- SYSTEH ANN. YSI S FRill HI TRE Flit C(I4f I GURATI ON HANAGEHENTSYSTEH I HPROVEHENTS

- HAINTENANCE CONTRACTSFlit XEROX SECRETARIAL IImKSTATU14S. tUGH SPEED
FACSI"ILE. DATA BEM. AND COpy EUUIPHENT

- LEASE IF S(fTWARE AND HAINTENANCE IF ARTEHIS SCItEDUllNG SYSTEHS

- NETWOOK ENGINEER'ING SERVICES FRIIt JSC INFOUtATION SYSTEHSDIRECTORAIE

- LEASE (f NOHAD2 S(fn'ARE Flit TA'S AttPTS



. .

FLIGHT CREW OPERATIONS DIRECTORAT.E

ZERO BASE OPERATIONS COST STUDY

( '0 1J26,." 5
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mn 61261916

ZERO BASE OPERATIONS COST STUDY

FLIGHT CREW OPERATIONS DIRECTORATE

GENERAL GROUNDRULES/ASSUMPTIONS

. PROJECT SPECIFIC GROUNDRULES:

. MINIMUM BASE FOR ASTRONAUT CORPS IS 40 ASTRONAUTS

. MINIMUM BASE SUPPORTS 1 . 3 FLIGHTS PER YEAR

. 1 -4 FLIGHTS PER YEAR/ALL LAND AT DFRF

5 + FLIGHTS PER YEAR WILL BE 600/. DFRF LA.NDINGS, 400/. KSCLANDINGS

,~.J



ASTRONAUT TECHNICAL CREW CMDRIPILOT
FLIGHT PROFILE POPULATION ASSIGNMENT ASSIGNMENTS ASSIGNMENTS

1.3 40 20 20 16

4&5 60 30 30 25

6&7 70 30 40 30

8.10 100 40 60 45

(2)J8( I 3191 24

FLIGHT CREW OPERATIONS DIRECTORATE

ZERO BASE OPERATIONS COST STUDY

ASTRONAUT ASSUMPTION PROFILES



PART TIME .
Appearances m
Education (1)
DaD Liaison (1)

OPERATIONS

DEVELOPMENT

FULL TIME
ouerm

Software (1)
SSME/ET/SRB/ASRM (1)
Orbiter Sys (1)

PART TIME
eputy Ie

ASC/ENT/Aborts (1)
Landing/Rollout (1)
MEDS (1) .
DOL I-Loads (1)
EDO(1)

60 t.. Jnments within C8
')" 1:..11Ttm8

ASTRON..,JT OFFICE

TECHNICAL ASSIGNMENTS

Chief, Astronaut Office (1)
Dep Chief, Astronaut Office (1)

MISSION
SUPPORT

FULL TIME
CI1Ieml

CAPCOM (5)
SAIL (4)
KSC C2 (4)
Training (1)

. JD 6126191.25

SAFETY

FULLTIME
Chief/Chair
Space Fit Safety Pnl (1)

PART TIME
Aircraft Safety m
P/L Safety (1)

MISSION
DEVELOPMENT

FULL TIME
CI1feT{1}
HRPPC/Ufe Sciences (1)
EVA/Crew Equip (1)

1_"



.
FLiGHTSIYEAR 1 2 3 4 5 6 7 8 9 .10

PRIME. 5 12 17 24 29. 36' 41 , 48 53 60
.

EARLY LAB ASSIGN 2 2 2 2 4 4 4 4 6
18 MONTHS

BACKUPS 5 5 5

TOTAL 10 19 24 26 31 40 45 52 57 66

I 11

ZERO BASE OPERATIONS COST STUDY
ASTRONAUT FLIGHT REQUIREMENTS

{,
~'I~,
~!I
;j

'-

/ "..-1



PROJECT ELEMENT FLIGHT RATE
1 2 3 .4 5 6 7 8 9 10

FCOD T-38 M&O 20.2 20.2 20.2 22.8 22.8 24.6 24.6 28.9 28.9 28.9
FCOD. STA M&O 15.3 15.3 15.3 16.4 16.4 17.6 17.6 20.1 20.1 20.1
FCOD SCA M&O 4.2 4.2 4.2 4.5 4.5 4.5 5.1 5.1 5.1 5.1
FCOD HAT (HEAVY A/C TRAINING) 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.6 0.6
FCOD STSOC SUPPORT 2.7 2.7 2.7 4.1 4.1 4.1 4.1 5.3 5.3 5.3
FCOD ASTRO OFFICE SUPPORT 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

TOTAL 43.4 43.4 43.4 48.9 48.9 51.9 52.6 60.6 60.6 60.8

_'2B-JI' I ZERO BASE OPEF TIONS COST STUDY
JSC - FLIGHT CREW Ol-fRATIONS DIRECTORATE

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $
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ZERO BASE OPERATIONS COST STUDY

FLIGHT CREW OPERATIONS DIRECTORATE

GENERAL GROUNDRULES/ASSUMPTIONS

. PROJECT SPECIFIC GROUNDRULES:

. T.38 GROUNDRULES

. ASSUME PILOT PROFICIENCY DEMANDS REMAIN CONSTANT

. 15 HOURS FLYING TIME PER MONTH PER ASTRONAUT FIRST PILOT

. 100 HOUJtS FLYING TIME PER YEAR PER AOD PILOT

. ASSUME SPARES, POL, AND MAINTENANCE REMAIN A BY.PRODUCT OF HOURS FLOWN

. ASSUME CURRENT SAFETY CRITERIA REMAIN UNCHANGED



ZERO BASE OPERA ..IONS COST STUDY

.FlIGHT CREW OPERATIONS DIRECTORATE'

GENERAL GROUND RULES/ASSUMPTIONS

. PROJECT SPECIFIC GROUND RULES, CONTINUED:

. STA GROUND RULES

ASSUME ONE ADDITIONAL STA IS NEEDED FOR DOWN-TIME MAINTENANCE TO PROVIDE
STAlEVEL NEEDED FOR FLIGHTRATE .

. ASSUME SPARES, POL, AND MAINTENANCE REMAIN A BY-PRODUCT OF HOURS FLOWN

. .

ASSUME CURRENT SAFETY CRITERIA REMAIN UNCHANGED.

.

. SCA GROUND RULES

. ASSUME TWO AIRCRAFT: ONE MISSION READY, ONE FLYABLE STORAGE

ONE FERRY MISSION PER DFRF LANDING

.

ONE MAINTENANCE CONTINUATION FLIGHT EACH NON-FERRY MONTH FOR THE
MISSION R~ADY AIRCRAFT

12 MAINTENANCE CONTINUATION FLIGHTS PER YEAR FOR TH E FLYABLE
STORAGE AIRCRAFT.

ASSUME SPARES, POL, AND MAINTENANCE REMAIN A BY-PRODUCT OF HOURS FLOWN

ASSUME CURRENT SAFETY CRITERIAREMAIN UNCHANGED.'.



ZERO BASE OPERA I'IONS COST STUDY
FLIGHT CREW OPERATIONS DIRECTORATE'

GENERAL GROUND RULES/ASSUMPTIONS

. PROJECT SPECIFIC GROUND RULES, (CONTINUED):

. ASSUME ONE SCA MAINTAINED AT EDWARDS/ONE MAINTAINED AT ELPASO (NATIONAL
RESOURCES ACT). .

ASSUME AGENCY WILL MEET ALL BOEING AGING FLEET REQUIREMENTS FOR BOTH
AIRCRAFT

.

. ASSUME SERVICE BULLETIN WORK WILL BE PERFORMED UNDER 5-YEAR FLEET SERVICE
CONTRACT.

. HAT

. ASSUME RATIO OF LAUNCH RELATEDUSAGE REMAINS CONSTANT

. THREE HAT FLIGHTS FOR INITIALASTRONAUT TRAINING
. .

ONE HAT FLIGHT PER ASSIGNED CREW MEMBER PRIOR TO LAUNCH



FLTSIYR

1-3 (BASE)

4-5

6-7

8-10

(l)JBC r 91.16

FLIGHT CREW OPERATIONS DIRECTORATE

ZERO BASE OPERATIONS COST STUDY

MAJOR DRIVERS TO FLIGHT RATE BASE AND INCREMENTS

RATIONALE

. BASE ASTRONAUT CORPS SIZE

(~O CIVILSERVANT/MILITARY) . .

. AOD PILOT CADRE REQUIRED TO SUPPORT BASE PROGRAM REQUIREMENTS

(1 9 PILOTS)

. AIRCRAFT M8rO AND STSOC SUPPORT BASED ON INCREASE IN ASTRONAUT CORPS

(20 CIVIL SERVANT/MILITARY)

. AIRCRAFT M8rO INCREASE TO AOD PILOT CADRE

. AIRCRAFT M8rO BASED ON INCREASE IN ASTRONAUT CORPS (10 CIVIL SERVANTI

MILITARY)

. AIRCRAFT M8rO AND STSOC SUPP~RT BASED ON INCREASE IN ASTRONAUT CORPS

(30 CIVIL SERV ANTIMILITARY)

. AIRCRAFT M8rO BASED ON INCREASE TO AOD PILOT



.: JO 6/26191 8

JSC - ENGINEERING DIRECTORATE

ZERO BASE OPERATIONS COST STUDY

"""2



ZERO BASED OPERATIONS COST STUDY
APPROACH

. A GRASS ROOTS ASSESSMENT BASED ON HISTORICAL DATA

. DEFINED SHUTTLE RELATED PRODUCTS/RESPONSIBILITIES

. ESTABLISHED GROUNDRULES AND ASSUMPTIONS

. DETERMINED MYE/FACILITY RELATIVETO:

- DELIVERED PRODUCTS

. - . SUPPORTING THE MANIFESfED FLIGHTRATE

. DETERMINED TOTAL OPERATIONAL COST BASED ON:

- MYE's

- MATERIALS

. EXAMINED AlL.TASK ORDERS FUNDED IN PRODUCTION AND
OPERATIONS TO DETERMINE TRUE OPERATIONS CONTENT IN EACH

. COMPARED RESOURCE REQUIREMENTS TO POP 91-1 SUBMITTAL

.. RECONCILED DIFFERENCES

EA-] 1I1I
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ZERO BASE OPERATIONS COST STUDY

JSC - ENGINEERING DIRECTORATE

GROUNDRULES AND ASSUMPTIONS

. INSTITUTIONAL SUPPORT Will CONTINUE AT APPROVED lEVELS

. SUPPORT SHARED AMONG PROGRAMS, PROJECt, AND INSTITUTION WILL
CONTINUE

. FLIGHT REMANIFESTING WILL BE CONSISTENT WITH PAST EXPERIENCE

. OPERATIONAL EFFORTS CONSIDERS ALL ACTIVITIES FROM LAUNCH
THROUGH VEHICLE TURNAROUND

. ALL CURRENTLY APPROVED OPERATIONS REQUIREMENTS WILL REMAIN
INTACT

.

. EXISTING FACILITIES CAPABILITY WILL BE MAINTAINED

.. ,-
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ZERO BASE OPERATIONS COST STUDY

JSC - ENGINEERING DIRECTORATE

DIVISION DESCRIPTION

. FLIGHT DATA SYSTEM (EK)

. FLIGHT SOFTWARE

. SUBSYSTEMS -DATA PROCESSING, DISPLAYS &CONTROLS, RECORDERS 8. INSTRUMENTATION

. NA VIGA TION, CONTROL 8. AERONAUTICS (EG)

. FLIGHT SOFTWARE -GN8.C REQUIREMENTS

. FLIGHT PERFORMANCE -ASCENT 8. ENTRY AERO

. SUBSYSTEMS -NAVIGATION, CONTROLS 8. GUIDANCE

. CREW 8. THERMAL SYSTEM (EC)

. CREW TRAINING -THERMAL VACUUM

. SUBSYSTEMS -LIFE SUPPORT ACTIVE THERMAL CONTROL, ATMOSPHERIC REVITALIZATION,
AND GFE CREW EQUIPMENT

.

. SYSTEM ENGINERING (ET)

. CREW TRAINING -SES/RMS

. PAYLOADS INTEGRATION

, 1r1



PRWECT ELEMENT FLIGHT RATE IS)
1 2 3 4 5 8 7 8 9 10

ENG FLIGHT DATA SYSTEMS 50.2 50.2 50.2 51.1 52.5 53.6 53.7 54.2 54.4 54.6
ENG NAV. CONTROL & AERO 6.9 6.9 6.9 6.9 8.9 9.2 9.2 10.6 10.6 10.6
ENG CREW & THERMAL 6.2 6.4 6.6 6.9 7.1 7.6 7.8 8.1 8.2 8.4
ENG SYSTEMS ENGINEERING 3.6 3.6 4.0 4.4 4.9 4.9 4.9 5.0 5.0 5.0
ENG STRUCTURES & MECHANICS 1.9 2.2 2.5 2.8 3.1 3.3 3.6 3.7 4.1 4.3
ENG TRACKING & COMMUNICATION 2.2 2.2 2.2 2.2 2.3 2.9 3.0 3.1 3.4 3.4
ENG PROPULSION & POWER 2.1 2.1 2.1 2.1 2.1 2.6 2.6 2.6 2.7 2.7
ENG AUTOMATION & ROBOTICS 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ENG MANAGEMENT SUPPORT 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

TOTAL 78.8 77.3 78.2 80.1 84.8 87.8 88.5 91.0 92.1 92.7

27-JUI ZERO BASE OPEP ~IONS COST STUDY
JSC - ENGINEEklNG DIRECTORATE

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $
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ZERO BASE OPERATIONS COST STUDY
JSC - ENGINEERING DIRECTORATE

MANPOWER SUMMARY
MANPOWER '(MYE'S)
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ZERO BASED OPERATION COST STUDY
JSC - ENGINEERING DIRECTORATE

DIVISION DESCRIPTION (CON'T.)

. STRUCTURES & MECHANICS (ES)
. LOADS & DYNAMICS INTEGRATION
. PAYLOADS INTEGRATION.
. SUBSYSTEMS-STRUCTURES,PASSIVETHERMAL CONTROL, ACTUATION SYSTEM, LANDING

GEAR AND MATERIALS

. COMMUNICATION AND TRACKING (EE)
. ELECTRO MAGNETIC EFFECTS

. SUBSYSTEMS - S-BAND, KU-BAND, ANTENNAS, TELEVISIONAND TAGS

. PROPULSION AND POWER (EP)
. PROPULSION SYSTEM INTEGRATION
. SUBSYSTEMS -MPS, OMS/RCS, APU/HYDRAULlCS, FUEL CEllS/PRSD, BATTERIES, PYRO,

EPDC AND' HAZAR,D GAS

. AUTOMATION AND ROBOTICS (ER)
. SRMS HARDWARE/SOFTWARE

EA-2

lie



(11 J 6/26.'91 "
ZERO BASE OPERATIONS COST STUDY

JSC - ENGINEERING DIRECTORATE

MAJOR DRIVERS TO THE MINIMUM BASE

FLiGHTSIYR

BASE
(1 THROUGH 4)

RATIONALE

. MINIMUM CRITICAL SKILLS AND ENGINEERING BASE CAPABILITY.. FLIGHT DATA SYSTEM - SUPPORTS FLIGHT SOFTWARE BUILD,

CERTIFICATION AND TEST FACILITIES SUPPORT FOR ONE 01 RELEASE PER

YEAR
.

. NAVIGATION, CONTROL, AND AERO -SUBSYSTEM MANAGER AND

PRINCIPAL FUNCTION MANAGER SUPPORT, FLIGHT SOFTWARE

REQUIREMENTS DEFINITION AND ASSESSMENTS, ISl TEST SUPPORT AND

MISSION SUPPORT

. CREW AND THERMAL SYSTEMS -EVA CREW TRAINING SUPPORT IN

VARIOUS CHAMBER FACILITIES AND SUBSYSTEM MANAGER SUPPORT
. SYSTEM ENGINEERING -SUPPORTS CREW TRAINING WITH ONE-SHIFT

OPERATION OF SES

. STRUCTURES AND MECHANICS -PROVIDE BASIC STRUCTURAL LOADS,

DYNAMICS, THERMAL, AND MATERIAL MISSION SUPPORT -PRINCIPALLY

PA YLOAD ANALYSES

. COMMUNICATION AND TRACKING -PROVIDES BASIC MISSIONI

SUBSYSTEM MANAGER SUPPORT

. PROPULSION AND POWER -PROVIDES BASIC MISSION/SUBSYSTEM

MANAGER SUPPORT.. AUTOMATION AND ROBOTICS -PROVIDES BASIC MISSION/SUBSYSTEM.
MANAGER SUPPORT
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ZERO BASE OPERATIONS COST STUDY

JSC -ENGINEERING DIRECTORATE

MAJOR DRIVERS TO FLIGHT RATE INCREMENTS

FLiGHTSIYR

5

6-7

RATIONALE

. FLIGHT DATA SYSTEMS. EXCEEDS BASE CAPABILITY TO SUPPORT FLIGHT

SOFTWARECERTIFICATION ..

. NAVIGATION, CONTROLS, AND AERO -ADDITIONAL SUBSYSTEM MANAGER.

AND PRINCIPAL FUNCTION MANAGER SUPPORT, ADDITIONAL SUPPORT FOR
ASCENT/ENTRY SESAND SAIL TEST SPONSOR SUPPORT

. SYSTEM ENGINEERING. REQUIRES SECOND-SHIFT OPERATION TO SUPPORT

SESCREW.TRAINING
. FLIGHT DATA SYSTEMS. EXCEEDS BASE CAPABILITY TO SUPPORT FLIGHT

SOFTWARE TEST FACILITIES AND OPERATIONS
. NAVIGATION, CONTROLS, AND AERO . REQUIRES SECOND-SHIFT

OPERATIONS TO SUPPORT ISL
. COMMUNICATIONS AND TRACKING. EXCEEDS BASIC CAPABILITY TO

PROVIDE MISSION ANALYSIS AND FLIGHT SUPPORT
. PROPULSION AND POWER. EXCEEDS BASE CAPABILITY TO PROVIDE MISSION

ANALYSIS AND FLIGHT SUPPORT

. CREW AND THERMAL SYSTEMS. REQUIRES ADDITIONAL STAFFING TO

SUPPORT INCREASE IN CREW TRAINING



FLiG HTSIYR

8/9/10
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ZERO BASE OPERATIONS COST STUDY

JSC - ENGINEERING DIRECTORATE

MAJOR DRIVERS TO FLIGHT RATE INCREMENTS (CONT'D}

RATIONALE

. FLIGHT DATA SYSTEMS -ADDITIONAL FLIGHT SOFTWARE MANPOWER FOR
CERTIFICATION OF FLiGHT-TO-FLIGHT SOFTWARE RECONFIGURATION, AND
FOR TRAININGITEST OPERATIONS. NAVIGATION CONTROLS AND AERO -ADDITIONAL SUBSYSTEM MANAGER
AND PRINCIPAL FUNCTION MANAGER SUPPORT, ADDITIONAL SUPPORT FOR
SAIL TEST SPONSORS
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PAYLOAD OPERATIONS

ZERO BASED OPERATIONS STUDY

4111'"

.
III
~
«
a..

DEFINITIONS:

VERTICAL PAYLOADS - GENERALLY ARRIVES AT KSC PPF'S FOR FINAL
'FACTORY CHECKOUT. THEN TO VPF FOR CITE AND IVT. AND INSTALLED
AT THE PAD CORBITER VERTICAL). GENERAllY CONTAINS HAZARDOUS
FUELS. FUNDED WITH UPN 570 FROM VPF ON.

I
'J HORIZONTAL PAYLOADS -GENERALLY BUilT-UP WITH EXPERIMENTSON

PAYLOAD CARRIERS - SPACELAB. PALLETS. MPESS. ETC IN oac. mEN
CITE TEST AND IVT PRIOR TO INSTALLATION IN THE ORBITER
(HORIZONTAl) AT THE OPF. FUNDED WITH UPN 926 (SPACELAB
OPERATIONS); CITE TEST AND TRANSFER TO PAD IS FUNDED WITH UPN
670. .

....

..
CD

-In
en
N

It.'
...
CI NOTE: THERE IS A SIGNIFICANT MANPOWER DIFFERENCE IN PAYLOAD OPERATIONS

IUPN 5701 BETWEEN PAVlOADSWHICH ARE PROCESSED THROUGH THE VPF

AND THOSE WHICH ARE PROCESSED THROUGU TUE O&C.

/~'f



PROJECT ELEMENT FlIGKf RATE
1 2 3 .. 5 8 7 8 9 1

P/l OPS VERTICAL PIL MISSION DIRECT 2.8 2.8 6.3 5.3 5.6 7.7 8.1 8.3 10.5 11.
P/Lbps MISSION RELATED SUPPORT 3.4 3.4 5.4 6.6 7.6 8.0 8.0 8.0 8.0 8.1
P/L OPS OFF-LINE PIL SUPPORT 3.6 3.5 5.9 7.9 8.2 9.0 9.1 9.2 9.6 9:
P/lOPS SUSTAINING ENGINEERING 0.0 0.0 2.5 3.4 3.6 4.6 4.6 4.6 4.6 4.1
P/L OPS GROUND SYS DEVELOPMENT - DE 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.3 0.:
P/LOPS EMC/AECOMM/RASCOMM 1.0 1.0 1.2 1.2 1.2 2.0 2.0 2.0 2.0 .2J
P/LOPS PAYLOAD DATA PROCESSING 0.4 0.4 0.8 1.2 1.3 1.5 1.6 1.5 1.5 1.l
P/l OPS MANAGEMENT 0.3 0.3 0.7 0.9 1.1 1.2 1.2 1.2 1.2 1.~
P/L OPS TOTAL PGoe 11.4 11.4 21.8 26.4 28.5 34.3 34.8 35.1 37.7 38.~
P/l OPS SUPPORT 2.8 2.9 3.4 3.5 3.7 3.9 4.1 4.5 4.6 5.(

-

TOTAL 14.2 14.3 25.2 29.9 32.2 38.2 38.9 39.6 42.3 43.~

2f -91 ZERO BASE OPE \TIONS COST STUDY
KSC - PAYLOAD OPERATIONS

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 941N RY $
r

NOTE: NOT A GENERIC TABLE - NOT BASED ON POP 91-1 BUDGET MANIFEST. THE FlIGKf MIX IS AS FOLLOWS:

FlIGHT'1 -TORS
FLIGHT '2 - SPACELAB
FLIGHT'3 -TORS
FLIGHT 114-SPACELAB
FLIGHT '5 - SPACELAB

fliGHT '8 -TORS
FLIGHT'7 -SPACELAB
FLIGHT '8 - SPACELAB
FLIGHT' 9 - TORS
FLIGHT '10 - SPACELAB

/¥



ZERO BASE OPERJ.. JNS COST STUDY
PAYLOAD OPERATIONS

PGOC MANPOWER

MINIMUM CAPABILITY

/26/91

NO 0

0 1 TO 2 FLIGHTS PER YEAR f1 VERTICAl)
- OPERATE AND MAINTAIN ONLY 1 CEll IN VPF- OPERATE AND MAINTAIN 1 PAYLOAD CANISTER
- NO CANISTER ROTATION FACILITY IUSE VAB FOR ROTATION'- INTERFACE VERIFICATION TESTING TO BE PERFORMED IN THE ORBITER

NO CITE EQUIPMENT MAINTENANCE- lSOC WOULD PROVIDE TRANSPORTER OPERATIONS USING PGOC'S TRANSPORTER 12 FOR
PAYLOAD CANISTER AND SRB STACKING'

- PAD OPERATIONS WOULD BE STRETCHED TO 10 WEEKS FROM THE STANDARD 8 WEEK FLOW

0 3 FLIGHTS PERYEAR 12 VERTICAl)
- PGOC WOULD OPERATE AND MAINTAIN 1 TRANSPORTER AND PROVIDE PAYLOAD CANISTER

TRANSPORTATION
.

-- AT 3 FLIGHTS PER YEAR PAYLOAD OPERATIONS REQUIRE USE OF A TRANSPORTER
DURING EACH OF 6 MONTHS PER YEAR. THEREFORE. TO AVOID SCHEDULE IMPACTS.
PAYLOAD OPERATIONS Will REQUIRE A DEDICATED TRANSPORTER.- INTERFACE VERIFICATION TESTING TO BE PERFORMED IN CITE TO MITIGATE SCHEDULE RISK TO STS- STANDARD 8 WEEK PAD OPERATIONS FLOW-- AT 3 FLIGHTS PER YEAR. PAD TIME IS REDUCED BACK TO STANDARD FLOW TO
SUPPORT ORBITER SCHEDULE REQUIREMENTS

04 FLIGHTS PER YEAR 12 VERTICAl)
OPERATE AND MAINTAIN 2 CANISTERS AND 1 TRANSPORTER.. AT 4 FLIGHTS. CONCURRENT VERTICAL AND HORIZONTAL ACTIVITIES OCCUR;

THEREFORE A CANISTER OF EACH CONFIGURATION IS REQUIRED

0 6 FLIGHTS PER YEAR 12 VERTICAl)- OPERATE AND MAINTAIN CANISTER ROTATION FACILITY TO MITIGATE SCHEDULE PROBLEMS
IN THE VAB .

- OPERATE AND MANT AIN 2 CANISTER AND 2 TRANSPORTERS-. AT 6 FLIGHTS PER YEAR, CONCURRENT VERTICAL AND HORIZONTAL TRANSPORTATION
ACTIVITIES OCCUR; TIIEREFORE TWO TRANSPORTERS ARE REQUIRED

0 6 FLIGHTS PER YEAR 13 VERTICALJ. OPERATE AND MAINTAIN 2 CEllS IN VPF TO MITIGATE SCHEDULE RISK TO PAYLOAD OPERATIONS
FIXED BASE CAPABILITY REACHED CSUPPORTWBSs CAPABLE OF SURGING TO 10 FliGfITS PER YEAR'

Ie:? 6



FLIGHT RATE
FACILITY 1 2 3 4 5 6 7 8 9 10- - - - - - --
VPF CELLS. 1 1 1 1. 1 2 2 2 2 2

CANNISTERS 1 1 1 2 2 2 2 2 2 2

TRANSPORTERS -* -* 1 1 2 2 2 2 2 2

CANNISTER ROTATION FACILITY - - 1 1 1 1 1 1

CITE - - 2 2 2 2 2 2 2 2
CONTROL ROOM AND 2 MECHANICAL

J 6tfiI91(a). U

ZERO BASE OPERATIONS COST STUDY
PAYLOAD OPERATIONS
FACiliTY UTiliZATION

*TRANSPORTER SHARED WITH SPC FOR PAYLOAD AND SRO TRANSPORTATION

I """,



FUGItT RATE
ElEMENT 1 2 3 4 5 6 7 8 9 10

VERTICAL PAYlOADS MISSION DIRECT 42 42 BO 80 83 116 122 125 158 187
MISSION RELATED SUPPORT 61' 61 82 98 115 . 121 121 121 121 121
OFF-lINE PAYlOAD SUPPORT 25 25 43 63 64 65 &5 65 65 65
SUSTAINING ENGINEERING 0 0 31- 42 48 58 58 68 58 68
GROUND SYSTEMS DEVElOPMENT. DE 0 0 0 0 0 4 .. 4 4 4
EMC/AECOMM/RASCOMM 'i 15 18 18 18 30 30 30 30 30
PAYLOADDATAPROCESSING 6 8 12 18 19 22 22 U 22 22
MANAGEMENT 6 6 10 14 18 18 18 18 18 18

TOI Al PGOC 144 144 276 333 361 434 440 443 478 485

,

6/26/91
c....
C
Z

N
m ZERO BASE OPERATIONS COST STUDY

PAYLOAD PROCESSING
PAYLOAD GROUND OPERATIONS MANPOWER BY ELEMENT -FY94IN MYE'S

.
to--
UI
..

NOTE: NOt A GENERICTAtIlE .NOT lASED ON POP It-t IIUDOETMANIfEST. 1Hi: RIGtfT MIX IS AS FOtlOWS:

RIGHT.1 .TORS
flIGHT .2 .SPACEU\8
RIGHT .3 .TORS'
fliGHT .4 .SPACE1.A8
flIGHT n .SPACEtAB

RIGHT '8-toRS
fLIGHT '1-SPACEIAB
FLIGHT 18 - SPACElAB
FUGtlT 19 - mRS
FUGIIT "0. SrACEU\8

-mm

"Den
'"
mmw

-rr
:.-0

.r.~
cC
l.
C:J
t-o.
\I~
~
a..
ct.

,

c(J
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MONTH VPF PAD
ACTIVITY 1 .2 3 4 6 8 7 8 9 10 11 12 13 14 15 MM

MISS PLAN 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 70.8
PROCED. AND 81W 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 88.7
MISS MGMT 1.3 3.9 3.9 2.8 2.8 2.8 18.9
VPFOPS 20.0 20.0 20.0 60.1
PADOPS 23.& 36.& 36.0 94.0 ... PEAk
POST MISS. 8.1 8.1

IMONTHLY MM
.

8.4 1&.0 16.0 1&.0 1&.0 1&.0 16.0 36.3 38.9 47.4 38.1 37.8 10.7 318.418.4 8.4
t

PEAK

5/26191

ZERO BASE OPERATIONS COST STUDY
PAYLOAD MANAGEMENT AND OPERATIONS DIRECTORATE

KENNEDY SPACE CENTER

D THE FLOW TIME FOR PAD OPERATIONS WAS EXTENDED.

D TillS ANALYSIS YIELDED THE FOLlOWINO PROCESSINO flOW:

D PROCESSINO FLOW IS FIVE MONTHS.

D -PEAk- MANPOWER WAS REDUCED FROM 74.4 MM TO 47.4 MM.

.
""""'



ZERO BASE opr ~IONS COST STUDY
PAYLOAD OPERATIONS

PGOC MANPOWER
MINIMUM CAPABILITY

WBS

5.1 VERTICAL PAYLOADS MISSION DIRECT
FLIGHT HARDWARE PROCESSING OF All VERTICAL

PAYLOADS. TRANSPORTATION TO THE OPFI
PAD FOR All SHUTTLE PA YlOADS

5.2 MISSION RELATED SUPPORT
MANIFEST ANALYSIS. SCHEDULING, WK CONTROL.

SE&I. NON-MISSION SR&QA. & GROUND SYSTEM
SUPPORT FOR ALL VERTICAL FACILlTIES/GSE

5.3 OFFLINE PAYLOAD SUPPORT
LOGISTICS & OFFLINE SUPPORT (I.E., CALIBRATION,

REPAIR. WAREHOUSING. JANITORIAL. ETC.)

5.4 SUSTAINING ENGINEERING
ENGINEERING MODIFICA TlONS FOR VERTICAL

FACILITIES AND EQUIPMENT

5.5 GROUND SYSTEMS DEVELOPMENT -DE
DESIGN ENGINEERING FOR VERTICAL GROUND SYS.

5.6 EMCIAECOMM/RASCOMM
EMC AND COMMUNICATIONS SUPPORT FOR TESTING

AND OPERATIONS

5.7 MANAGEMENT
PA YLOAD OPERATIONS PROJECT MGMT.,PROJECT

CONTROL, FISCAL REPORTING

5.8 PAYLOAD DATA PROCESSING
COMPUTER SERVICES

TOTAL MANPOWER

1 FlIGHTIYR
1 MAJOR

VERTICAL
PAYLOAD IN

FLOW

42
(PEAK. 46 MM)

(SKill RETEN. . 15)

51

25

0

0

15

5

6

44

3 FliGHTS/YR
2 MAJOR

VERTICAL
PA YLOADSI
1 SPACELAB

IN FLOW

80
(PEAK .114 MM)

(SKill RETEN.- 24)

82

43

31

0

18

10

12

276

6 FlIGHTS/YR
3 MAJOR

VERTICAL
PAYLOADSI

3 SPACELABS
IN FLOW

116
(PEAK. 155 MM)

121

65

58

4

30

18

22

434

': J() '16191(.) 1O

9 FliGHTS/YR
4 MAJOR

VERTICAL
PAYLOADS/

5 SPACELABS
IN FLOW

158
(PEAK. 216 MM)

121

65

58

4

. 30

18

22

476



MSFC SPACE SHUTTLE SYSTEMS

ZERO BASE OPERATIONS COST STUDY

(
JD 6/1&191 15



'ROJECT ELEMENT FLIGHT RATE
1 2 3 4 5 6 7 8 9 10

}SI I&PS 10.3 .11.2 11.6 11.6 11.6 12.6 13.0 13.0 13.0 13.0
'SI - HOSC OPERATIONS 3.2 3.7 4.1 4.1 4.1 5.0 5.2 5.2 5.2 5.2
JSI - DATA REDUCTIONS 2.8 3.2 3.2 3.2' 3.2 3.3 3.5 3.5 3.5 3.5
JSI - CENTER-WIDE ADP 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8
'SI - OTHER. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
'SI SYSTEMS INTEG SUPPORT 9.2 9.2 9.2 10.8 10.8 10.8 11.5 11.5 11.5 11.5
'SI GENERAL SHUTTLE.. 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
's, S&E SUPPORT 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
's, ADMINISTRATIVEOPERATIONS 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

--.

TOTAL 24.8 25.7 28.1 27.7 27.7 28.7 29.8 29.8 29.8 29.8

28-Jun-91 ZERO BASE OPERATIONS COST STUDY
MSFC - PROPULSION SYSTEMS INTEGRATION

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $

. COMMON COMMUNICATIONS SUPPORT (OTHER THAN HOSC COMMUNICATIONS).. SMALL BUSINESS& MISCELLANEOUSPROCUREMENTS'



1.741-1.8.
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zeRO BASE OPERATIONS COST STUDY
MSFC PROPULSION SYSTEMS INTEGRATION

ELEMENT DESCRIPTIONS

.. INSmUTIONAL & PROGRAM SUPPORT (laps)

- Hose OPERATIONS. ADP SUPPORT. COMMUNICATIONS .

- SHUTTI,E PROJECTS CENTER-WIDE ADP SUPPORT - ~.

- DATA REDUCTION CENTER ... ADP SUPPORT. COMMUNICATIONS

--"~.-. ~.-
-. ,-~' ...~

- .

'p' i\ .,-.

"~"-. ....-.

""
.~.

. S&E SUPPORT
- TECHNICAL STUDIES
- WEATHER SUPPORT

. SYSTEMS INTEGRATION SUPPORT
- SCHEDULES & LOGISTICS
- PERFORMANCE ANALYSIS
- REQUIREMENTS, DEVELOPMENT & VERIFICATION
- CHANGE EVALUATION & MANAGEMENT
- INFORMATION MANAGEMENT SYSTEM

'-,"..-"

~- .
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~
C
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ZERO BASE OPERATIONS COST STUDY
MSFC SPACE SHUTILE SYSTEMS

MANPOWER SUMMARY BY ELEMENT

250

D ~ a g [] []

25

a

t . 2 3
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CD....
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INTEGRAtiON
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ZERO BASE OPERATIONS COST STUDY
MSFC PROPULSION SYSTEMS INTEGRATION

MAdOR DRIVERS TO THE MINIMUM BASE

. cnrnCAl SKILLS

. Hose OPERATIONS

.. DATA REDUCTION. MSFC SHUTILE INTEGRAnON SUPPORT

. . S&E TeCHNICAL STUDIESIWEATHER SUPPORT

. . ADP SUPPORT TO SHunLE PROJECTS (CENTER - WIDE)

f 35"

to
C
:::I

,

t.
o.
C!.,
o.(,

,
J,
II.
.,
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ZERO BASE OPERATIONS COST STUDY,

MSFC PROPULSION OPERATIONS COST STUDY

MAJOR DRIVERS TO FLIGHT RATE INCREMENTS

FLiGHTSIYR

2-3

4-5

6

7-10

RATIONALE

. CRITICAL SKILLS LEVEL FOR HOSC OPERATIONS

. CRITICAL SKILLS FOR SYSTEM$INTEGRATION SUPPORT TO FLIGHT AND POST-"
FLIGHT EVALUATION ACTIVITIES (OMI/OMRS/lCClHOSC/SCHEDULES)

. CRITICAL SKILLS LEVEL FOR HOSC OPERATIONS AND DATA REDUCTION

. CRITICAL SKillS LEVEL FOR HOSC OPERATIONS, DATA REDUCTION EFFORT
AND SHUTTLE INTEGRATION SUPPORT TO FLIGHT OPERATIONS AND POST-
FLIGHT EVALUATION

I~C.
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SPACE AND LIFE SCIENCES DIRECTORATE
ZERO BASE OPERATIONS COST STUDY

.(" 10.&126191.'

1-=31



PROJECT ELEMENT FLIGHT RATE ($)
1 2 3 4 5 6 7 8 9 10

S & LSD MOCK UPS & TRAINERS 6.0 7.8 7.8 7.8 7.8 9.6 9.6 9.6 9.6 10.8
S & LSD EO STOWAGE & INTEG ENG 1.5 1.5 1.5 1.5 1.5 1.8 1.9 1.9 1.9 1.9
S & LSD MED OPS CLINICAL LAB SUPPORT 1.5 1.5 . 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
S &LSD TOXICOLOGY & MICROB LAB OPS 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
S & LSD SHUTTLE MEDICAL OPS 1.2. 1.3 1.3 1.3 1.3 1.3 1.4 1.4 1.4 1.4
S & LSD CREW HEALTH SUPPORT 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
S& LSD EARTH IMAGE VIEWING 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
S& LSD SHUTTLE CAMERA SPT 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
S & LSD SIMULATOR SUPPORT 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
S& LSD GFE DESIGN/FLT CREW EO 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
S & LSD DECAL & NOMENCLAT PLACARDS 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
S & LSD STS FLIGHT MEDICINE 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
S & LSD THERMAL & METABOLIC LAB 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
S & LSD RADIATION ANALVSIS SPT 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
S & LSD PAVLOADS & ENG ANALVSIS 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
S & LSD SHUTTLE MEDICAL INF SVS 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

S& LSD FOOD PROVISIONING 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

S & LSD FABRICATION & TEST SPT 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

S& LSD STS RADIATION DOSIMETRV SPT 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

S & LSD CARDIOV ASCUALR LAB 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

S & LSD SHUTTLE PHOTO & TV ANAL VSIS 0.1 0.1 0.1 0.1 . 0.1 0.1 0.1 0.1 0.1 0.1

S & LSD SONIC BOOM MEASURE & MODEL 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

S & LSD ANTHROPOMETRIC & BIOMECH SP 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

TOTAL 18.9 20.8 20.8 20.8 20.8 22.9 23.1 23.1 23.1 24.3

, 25-,. 91 ZERO BASE OPEr \TIONS COST STUDY
JSC - SPACE AND LIFt: SCIENCES DIRECTORATE

SHUTTLE OPERATIONS COSTS BY ELEMENT -- FY 94 IN RY $



ZERO BASE OPER",. ~ONS COST STUDY

SPACE AND LIFE SCIENCES DIRECTORATE'

ELEMENT DESCRIPTIONS

ID 612619' 18

MOCKUPS AND TRAINERS

. PROVIDE AND OPERATE SHUTTLE MOCKUPS, TRAINERS, AND TRAINING LOOSE EQUIPMENT TO
SUPPORT ENGINEERING EVALUATIONS AND FLIGHT CREW TRAINING.

iQUIPMENT STOWAGE (CCCD) AND INTEGRATION ENGINEERING

. PROVIDE CCCD FOR EACH STS FLIGHT, ANNEX & AND ICD FOR EACH PIP, AND CREW
COMPARTMENT INTEGRATION ENGINEER FOR EACH SHUTTLE FLIGHT.

MEDICAL OPERATIONS CLINICAL LABORATORY SUPPORT

. PROVIDE TOTAL ANALYTICAL SUPPORT TO THE SHUTTLE MEDICAL 9PERATIONS PROGRAM IN
THE AREAS OF CLINICAL CHEMISTRY, HEMATOLOGY, HUMORAL IMMUNOLOGY, CLINICAL
ENDOCRINOLOGY AND BlOCH EMISTRY.

TOXICOLOGY AND MICROBIOLOGY LABORATORY OPERATIONS

. PROVIDE ANALYTICAL AND TECHNICAL SUPPORT OF GROUND BASED AND INFLIGHT
J'

OPERATIONAL AND DEVELOPMENTAL EFFORTS TO ENSURE A TOXICOLOGICALLY SAFE INFLIGHT
ENVIRONMENT FOR CREWMEMBERS.

SHUTTLE MEDICAL OPERATIONS
. . PROVIDE MEDICAL OPERATIONS SUPPORT FOR SHUTTLE MISSIONS IN THE MCC AND AT LAUNCH,

LANDING, AUGMENTED, AND EMERGENCY LANDING SITES: INCLUDED PLANNING,
.

DOCUMENTATION, AND ANALYSIS.



ZERO BASE OPERA .IONS COST STUDY

SPACE AND LIFE SCIENCES DIRECTORATE

ELEMENT DESCRIPTIONS (CONT'D}

(. ID 6121i19U9

CREW HEALTH SUPPORT

. PROVIDE CRE\IV HEALTH STABILIZATION AND MISSION CONTROL CENTER CLINICAL SUPPORT FOR

EACH SHUTTLE MISSION AND CONTINUING MEDICAL SUPPORT TO MANNED CHAMBER AND
WETF TESTS. .

EARTH IMAGE VIEWING

. EARTH OBSERVATIONS CREW TRAINING AND REAL TIME SUPPORT IS NECESSARY IN ORDER TO
PROVIDE REQUIRED SUPPORT TO SECONDARY PAYLOADS, DOD EARTH ORIENTED EXPERIMENTS,
ADVANCED CAMERA/SENSOR EVALUATIONS, AND SCIENTIFICALLY SIGNIFICANT PHOTOGRAPHY
AND OBS OF THE EARTH.

SHUTTLE CAMERA SUPPORT

. ESTABLISH REQUIREMENTS FOR ALL CAMERA SYSTEMS; PUBLISH FLIGHT DOCUMENTATION OF
FLIGHT HARDWARE REQUIREMENTS. PROVIDE R&D AND APPLlCA1:ION ENGINEERING. PROVIDE
ENGINEERING SUPPORT TO MODIFY EXISTING HARDWARE. SUPPORT SPECIAL HARDWARE
REQUIREMENTS. SUPPLY ALL PHOTOGRAPHIC HARDWARE NOT CONSIDERED STANDARD
OPERATIONAL.

..

SIMULATOR SUPPORT

. SIMULATOR SfJECIAL INSTRUMENTS MAINTENANCE, MAINTAIN ADEQUATE SPARES LEVELS.

GFE DESIGN/FLIGHT CREW EQUIPMENT

. PROVIDE ENGINEERING DESIGN AND TECHNICAL CORE SUPPORT FOR ADEQUATE AND
CONTINUOUS SUBSYSTEM MANAGEMENT CAPABILITIES FOR CREW EQUIPMENT SUBSYSTEMS.



ZERO BASE OPERA. ,ONS COST STUDY

SPACE AND LIFE SCIENCES DIRECTORATE

ELE~ENT DESCRIPTIONS (CONT'D}

p 0 6/26191 20

DECAL AND NOMENCLATURE PLACARDS

. PROVISIONING USING MULTIPLE PROCESSES(I.E., SCREEN PRINTING, PHOTO-REPRODUCTION,

AND MANUAL).

STS FLIGHT MEDICINE

. PROVIDE CREW MEDICAL OFFICER MATERIALS, FLIGHT SURGEON TRAINING SUPPORT,

PREVENTIVE MEDICINE SUPPORT, MEDICAL RECORDS ADMINISTRATION, AND REPORT
GENERATION.

THERMAL AND METABOLIC OPERATIONAL SUPPORTLABORATORY .

.PROVIDE ASSESSMENT OF PHYSIOLOGIC ACCEPTABILITY OF ENVIRONMENTAL FACTORS

CONTROLLED BY SUIT AND CABIN ECS, SPECIFICALLY, HEAT BALANCE PARAMETERS, GAS
PRESSURE AND COMPOSITION, AND ASSESSMENT OF 02 UTILIZATION (METABOLIC RATE).

SPACE SHUTTLE RADIATION ANALYSIS SUPPORT

. PROVIDE ANALYSES OF IONIZING RADIATION EFFECTS TO THE SPACE SHUTTLE CREW AND

EQUIPMENT.

PAYLOADS ENGINEERING ANALYSIS

. PROVIDE SUPPORT FOR SHUTTLE DESIGN CHANGE AND PA YLOAD INTEGRATION VIA PLAID

COMPUTER GRAPHIC; DEFINE CCTV CAMERA REQUIREMENTS FOR SHUTTLE FLIGHT; PROVIDE

CREW VISUAL ACCESS ANALYSIS; PERFORM SIMPLE LIGHTING STUDIES; ASSESS CREW TASKS

AND MAN-MACHINE INTERFACES;PROVIDED REAL-TIME MISSION SUPPORT.



ZERO BASE OPERA. .ONS COST STUDY

SPACE AND LIFE SCIENCES DIRECTORATE

ELEMENT DESCRIPTIONS (CONT'D}

(1) ,6116/91.21

SHUlTLE MEDICAL INFORMATION SYSTEM

. PROVIDE LIFE SCIENCES COMPUTER SUPPORT FOR MEDICAL OPERATIONS AND BIOMEDICAL

lABORA TORIES.

FOOD PROVISIONING. .

. TASK TO PROVIDE A CURRENT SHUTTLE FOOD SYSTEM AND DOCUMENTATION, AND TO PROVIDE.

RESEARCH AND DEVELOPMENT ACTIVITIES FOR THE SHUTTLE FOOD SYSTEM.

FABRICATION AND TEST SUPPORT

. PROVIDE MATERIALS TESTING ATWSTF, FABRICATION OF PROTOTYPES, EMI TESTING,

EQUIPMENT TESTING, AND COMPONENT PURCHASES.

STS RADIATION DOSIMETRY SUPPORT

. PROVIDE HARDWARE AND SERVICES TO MEET STS MEDICAL AND OPERATIONAL SUPPORT

REQUIREMENTS FOR RADIATION EXPOSURE MEASUREMENTS.

CARDIOVASCULAR LABORATORY

. SUPPORT THE SHUTTLE PROGRAM BY DOCUMENTING CARDIOVASCULAR ADAPTATIONS TO

SPACEFLIGHT AND SUBSEQUENT POSTFLIGHT READAPTATION, AND PROVIDE GUIDELINES FOR

THE MAINTENANCE OF APPROPRIATE CARDIOVASCULAR FITNESS OF SPACEFLIGHT

CREWMEMBERS. ALSO, DEVELOP PHARMACOLOGICAL, MECHANICAL, AND BEHAVIORAL

COUNTERMEASURES AS APPROPRIATE.



ZERO BASE OPERA. .ONS COST STUDY

SPACE AND LIFE SCIENCES DIRECTORATE

ELEMENT DESCRIPTIONS (CONT'D}

(1 oJ Lf1f.191 11

SPACE SHUTTLE PHOTO&TVANALYSIS: CONTINGENCY READINESS

. CONTINGENCY PLANS (NSTS 08218, JSC 14273, AND JSC 22853) CALL FOR IMAGE ANALYSIS AND
ENHANCEMENT EFFORTS WITHIN THE AGENCY TO BE AUGMENTED AND MAINTAINED AT JSC TO

, ENSURE ADEQUATE CAPABILITIES IN THE EVENT OF A CONTINGENCY.

SONIC BOOM MEASUREMENTS AND MODELING

. .

PROVIDE SUPPORT TO NASA LEGAL OFFICE FOR SONIC BOOM MEASUREMENTS AND MODELING.

ANTHROPOMETRIC AND BIOMECHANIC SUPPORT

. PROVIDE SUPPORT FOR SHUTTLE MISSIONS VIA MEASUREMENT OF PHYSICAL PERFORMANCE
CAPABILITIES OF SUITED AND UNSUITED CREWMEMBERS.

.
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SPECIAL TOPICS

. MARGINAL COSTS FOR ADDING OR SUBTRACTING ONE FLIGHT

. POTENTIAL BUDGET TRANSFERS BETWEEN OPERATIONS AND
PRODUCTION'

.



(4)Jr

ZERO BASE OPERATIONS COST STUDY

ADDITION OR DELETION OF 1 LAUNCH FROM STEADY STATE RATE

. ASSUMPTIONS

. AT LEAST2 YEAR NOTIFICATION

. AVERAGECOMPLEXITYMISSION

. USED FY94 AS REPRESENTATIVEYEARFOR:!: 1 FLIGHT

..

1819U

I .,.-.



ZERO BASE OPERATIONS COST STUDY
VARIABLE COST VERSES MARGINAL COST

FOR A FY94 FLIGHT

MARGINAL COST

~TOTAL COST VARIABLE COST ADD A FLIGHT DELETE A FLIGHT

1 2024.1
62.9 65.1 -37.7

2 2077.0
87.0 63.3 -39.1

3 2164.0
209.1 191.6 . -41.4

4 2373.1
143.5 95.6 -56.6

5 2516.6
132.9 90.5 -56.9

6 2649.5
224.2 181.4 . -57.1

7 2873.7
140.7 106.3 -57.3

8 3014.4
104.4 75.4 -57.5

9 3118.8
86.5 71.2 -57.8

10 3205.3

-

. DRIVEN BY KSC LAUNCH AND LANDING

NOTE: ASSUMES 4 ET'S PER YEAR MINI'
-- 'M BUILD

AND3 FLIGHTSPERYEARMINIM-../ SSME SUPPORT
\ L\-\c,



MARGINAL COST. I FLIGHT
1 FLIGHT ADDED IN FY94 - RY$

(FROM 9 TO 10)

PROJECT SINGLE FL T

~
MSFC

SSME 5.2

SRB 9.8

RSRM 14.8

ET 14.0

JSC
MOD 1.2

ENG 0.5

ORBITER 1Jl
0.3
0.3
0.9
0.3

FCOD 0.5

,

MAR INAL COST CONTENT

REFURB TOUCH LABOR. PRODUCT INSPECTION.
HARDWARE MATERIAL

PROD TOUCH LABOR. INSPECTION. VENDOR REPAIRS,
EXPENDABLE & ATTRITION HARDWARE

TOUCH LABOR AND EXPENDABLE MATERIAL

TOUCH LABOR, INSPECTION, FLIGHT HARDWARE

STSOC MISSION PLANNING, Fl T READINESS ASSESSMENT,
Fl T EXECUTION, POST Fl T ACTIVITIES

CREW TRAINING AND FAMILIARIZATION, DIRECT
MISSION SUPPORT ACTIVITIES, Fl T HARDWARE
TEST &CERT, SYSTEMS PERFORMANCE VERIFICATION

OPS SUPPORT & LAUNCH SITE SUPPORT
FEPC CONSUMABLES
ET DISCONNECTS
RMS OVERHAUL & REPAIR

FLTOPS OF ORBITER FERRY, KC-135 PATHFINDER,
STA TRAINING: ASSUMES LANDING AT DFRC

I ~I



LAUNCH & LANDING 16.1
PROPELLANTS ONBOARD PROPELLANTS

SPC FREIGHT & TRAVEL FOR ALTERNATE LANDING SITES

BOC PROPELLANT HANDLING MIP ABOVE CORE

LSS RANGE SUPPORT, CLS XENON LIGHTS, SLS SUPPORT AT EAF
PHOTO SUPPORT

P/L OPERATIONS 0.2 TRANSPORTATION TO THE PAD: ASSUMES P/L OF
OPPORTUNITY OR DOD PILlS DELETED

SSPO
INTEG & OPS 1.1 CARGO INTERFACE DOCUMENTATION, ENGINEERING

ASSURANCE AND CARGO INTEG MGMT

OPSINTEG
. 0.2 DDMS INCLUDING RANGE SPT FOR EACH LAUNCH ATTEMPT

ENGINEERING INTEG 2.3 MISSION CONFIG REQMTS, MASS PROPITRAJ DESIGN
DATA PACK, ASCENT FLT DESIGN, FLT MARGINS ASSESS ,
LSEAT & MISSIONS SPT, POST FLT ANAYSIS,
FLT S/W INTEG, OMRS/LCC

TOTAL$M 71.2

.

MARGINALCOST,. . FLIGHT
1 FLIGHT ADDED IN FY94 - RY$

(FROM 9 TO 10)

PROJECT SINGLE FLT
MARGINAL COST

MARGINAL COST CONTENT

KSC
LOGISTICS OPERATIONS 3.7 REPLENISHMENT SPARES & OVERHAUL AND

REPAIRS

\ ~:.:}



ADDITION OF ONE FLIGHT IN FY94

FLIGHT RATE FY94 'FY95 FY96 FY97 TOTAL

3 .8 ' 2.7 4.4. 7.9 15.8

4 .3 .9 1.4 2.6 5.2

5 .3 .9 1.5 2.6 5.3

6 .4 1.4 2.3 4.1 8.2

7 .3 .9 1.4 2.6 5.2

8 .4 1.2 1.9 3.5 7.0

9 .3 .9 1.4 2.6 5.2

10

(.)J9( :8"'.7

!»~IVIE
ZERO BASE OPERATIONS COST STUDY.

.



FY94 FLIGHT. ADDED (BUDGET INCREASE)
I I,

BASE '
I, I

I 'RATE ' FY93 FY94 FY95 FY96 FV97 FV98 + : TOTAL,, i
I :

1/YR ' 7.0
I 7.0' ., ,

2
I

0.6 0.3 1.0 7.0 I
8.9. ., .

3 ' 0.6 0.6 1.0 7.0
.

9.1' II I
I

0.5 0.7 1.1 7.0
I

9.24 I I
I I
I

5.8
I

5 I 0.5 0.7 1.3 1.1 I. 9.4. I .,
0.3 1.8 4.8 '6 I 0.3 0.8 1.4 . 9.5, I.

1.5 0.6 2.1 4.3
t

7 . 0.3 0.8 ' 9.6t tt
1.6 0.6 2.5 4.0

t
8 ' 0.2 0.9 . 9.8. t I

I

0.7 1.7 0.6 2.9 3.8 '9 ' 0.2 . 9.8I .,
1.0 1.7 0.6 3.4 3.4

t

10.310 ' 0.1 ', ,
I .

~I

.(4)19' 18191.6

SRB "KOJECT

ZERO BASE OPERATIONS COST STUDY

($ IN MILLIONS)



.

FY94 FLIGHT ADDED (BUDGET INCREASE)
I .
I I

BASE I '
I, I, I

RATE . , FY93 FY94 ~TOTALI,
, I, I

1/YR ' I
I, ,,

2 ' 9.8
I

9.8I, I,
3 ' 9.8 ' 9.8I, I, I
4 ' 9.8 I 9.8' I, I
5 ' 9.8 I 9.8' II I

6 ' 9.8 I 9.8I I, I
7

I
3.5 11.1 I 14.6' I, I

8
I 3.5 11.1 I 14.6' I, ,

9 ' 3~5 11.1 I 14.6I I, I
10 ' 3.5 11.1 I 14.6' I, I, ,

I .

(4! I 6118191 18

RSRM PROJECT
ZERO BASE OPERATIONS COST STUDY'

($ IN MILLIONS)
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2.1842.1.27

EXTERNAL TANK
ZERO BASE COST STUDY

.

COSTS (FY91 $M)

PRODUCTION RATE: ID1l §ClB §ll8 1LI8 DlIB DlIfl 10/YR

$350M $364M $379M $396M $413M $428M $442M
"- ~'-

~t ~ L ~...... ...
"

~
'- 'y

~

\ BETWEEN PROD. RATES: $14M ,$15M $17M $17M $15M $14M

COST DISTRIBUTION

- EACH PRODUCTION RATE HAS A UNIQUE COST DISTRIBUTION. "LOOK-BACK"
COSTS ARE EFFECTED BY FLIGHT HARDWARE PROCUREMENT, SHiftiNG
ASSUMPTIONS, AND FLOW TIME.

. 1'--/



MSFC
SSME

SRB

RSRM

ET

JSC
MOD

ENG

ORBITER

FCOD

PROJECT

MARGINAL COST PER FLIGI .

1 FLT OUT OF FY94 - RY$

SINGLE FLT

MARGINALCOST.

1.8

10.3

14.8

15.0

1.2

0.5

.1J!
0.3
0.3
0.9
0.3

0.5

MARGINAL COST CONTENT

REFURBTOUCH LABOR, PRODUCT INSPECTION,
HARDWARE MATERIAL

PROD TOUCH LABOR, INSPECTION, VENDOR REPAIRS,
EXPENDABLE & ATTRITION HARDWARE

TOUCH LABOR AND EXPENDABLE MATERIAL

TOUCH LABOR, INSPECTION, FLIGHT HARDWARE
. ,

STSOC MISSION PLANNING, Fl T READINESS ASSESSMENT,
Fl T EXECUTION, POST Fl T ACTIVITIES

CREW TRAINING AND FAMILIARIZATION, DIRECT
MISSION SUPPORT ACTIVITIES, Fl T HARDWARE
TEST &CERT, SYSTEMS PERFORMANCE VERIFICATION

OPS SUPPORT & LAUNCH SITE SUPPORT
FEPC CONSUMABlES
ET DISCONNECTS
RMS OVERHAUL & REPAIR

FLTOPS OF ORBITER FERRY, KC-135 PATHFINDER,
STA TRAINING; ASSUMES LANDING AT DFRC

, . THESE REDUCTIONS ARE APPLICABLE AT ALL FLIGHT RATES EXCEPT FOR SRB AND r<S R M
"J



PROPEllANTS 1.1

SPC 0.7

BOC 0.1

LSS 2.7

. MAHl:iINAL GUST PER FLIG. -,.

1 FlT OUT OF FY94 - A"t .
.,.

PROJECT SINGLE FLT
MARGINAL COST.

MARGINAL COST CONTENT

KSC
lOGISTICS OPERATIONS 3.7

P/L OPERATIONS 0.2

.,.

SSP
INTEG & OPS 1.1

OPS INTEG 0.2

ENGINEERING INTEG 2.3

REPLENISHMENT SPARES & OVERHAUL AND

REPAIRS

ONBOARD PROPELLANTS

FREIGHT & TRAVEL FOR Al TERNATE lANDING SITES

PROPELLANT HANDLING MIP ABOVE CORE

RANGE SUPPORT, CLS XENON LIGHTS, SlS SUPPORT AT EAFB,
PHOTO SUPPORT

TRANSPORTATION TO THE PAD; ASSUMES P/l OF
OPPORTUNITY OR 000 PIllS DELETED

CARGO INTERFACE DOCUMENTATION, ENGINEERING
ASSURANCE AND CARGO INTEG MGMT

DDMS INCLUDING RANGE SPT FOR EACH LAUNCH ATTEMPT

MISSION CO~FIG REQMTS, MASS PROPITRAJ DESIGN
DATA PACK, ASCENT FLT DESIGN, Fl T MARGINS ASSESS.
LSEA T & MISSIONS SPT, POST FLT ANALYSIS,
FlT S/W INTEG, OMRS/LCC

TOTAL $M 57.8

.THE. REDUCTIONS ARE APPLICABLE AT ALL FLIGHT. TES EXCEPT FOR SRB AfJV' RS~tv1



FY94 FLIGHT DELETED (SAVINGS)
I I
I I

BASE . .. .. I

RATE . FY94 FY95 FY96 FY97 FY98 + ; TOTAL.
.
i ;
. .

1/YR . 7.0 . 7.0. I
. .

2 . 7.0 . 7.0. .
I I

3 . 0.6 0.9 7.0 I 8.4I .
I I

4 I 0.6 1.0 0.3 7.0 I 8.9I I
I I

5 I 0.7 1.1 1.1 6.2 ' 9.1I .
. I

6
I 0.8 1.3 0.3 1.8 5.1 I

9.4I I
. .

7
I 0.9 1.4 0.6 2.1 4.7 ' 9.6I I
I I

8
. 1.0 1.5' 0.6 2.5 4.2 I

9.8I I
I .

9
I

1.1 1.9 0.6 2.9 3.5 I
10.0I .

I I

10 . 1.3 1.7 0.6 3.4 3.3 I 10.3. .
I .
I I

~!

(

(4)JU( 819' S

SRB PhOJECT

ZERO BASE OPERATIONS COST STUDY

(5 IN MILLIONS)

.



FY94 FLIGHT DELETED (BUDGET DECREASE)
I ., I

BASE I I
I ', 'RATE ' FY93 FY94 ! TOTAL,, i

. ' :,
1/YR ' I

I, I,
2 ' -9.8 ' -9.8I,

I,
I

3 ' -9.8 I -9.8, II I
4 ' -9.8 I -9.8, I, I
5

I -9.8 I -9.8I ,, I
6 ' -9.8 I -9.8' II ,
7

I -3.5 -11.1 I '-14.6I I, I
8 ' -3.5 -11.1 I -14.6I I, I
9

I -3.5 -11.1 I -14.6I I, I
10 ' -3.5 -11.1 I -14.6' I, I, I

I .

.,
., .")J9 ,/28191 19

" RSRI\I. . 1t0JECT
ZERO BASE OPERATIONS COST STUDY

($ IN MILLIONS)
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ZERO BASE OPERATIONS COST STUDY

KSC LAUNCH AND LANDING

. COST FOR ADDITIONAL MISSION

. COST AT NEXT HIGHER INCREMENTAL LAUNCH RATE FOR 1 1/4 YEARS

. 12 MONTHS OF "OPERATION" AT NEXT HIGHER LEVEL

.. 3 MONTHS PENALTY COST (INCLUDES HIRING, TRAINING, CERTIFICATION OF
PERSONNEL, TERMINATION OF PERSONNEL, ABILITY TO ADD MISSION)

. CONTINGENT UPON AVAILABILITY OF ORBITERS, FACILITIES & GSE,
IMPLEMENTATION OF NEW SHIFTING REQUIREMENTS, ETC.

BASE RATE FY94
1NR 32.0
2 28.3
3 140.6
4 41A
5 3~7
& 120.&
7 4~4
8 17.5
9 16.1
10

(4)18 ,28191 4
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DEFINITION OF TERMS

. DEVELOPMENT (PRODUCTION)

ALL ACTIVITIES INVOLVED IN ATTAINING AND IMPLEMENTING THE INITIAL CAPABILITY OF A

SYSTEM PLUS THE EFFORTS ASSOCIATED WITH SUBSEQUENT ENHANCING/UPGRADING. THIS

ACTIVITY SHOULD INCLUDE, BUT NOT BE LIMITED TO, THE DESIGN, FABRICATION, TEST, AND

CERTIFICATION OF NEW OR MODIFIED HARDWARE, E.G., IMPROVED APU, CCTV, EDO, ETC. THIS

ACTIVITY SHOULD INCLUDE MAJOR HARDWARE REDESIGN EFFORTS THAT HAVE BEEN INITIATED

TO CORRECT FAILURES ON SYSTEMS THAT OCCURRED DURING ATP, GROUND TEST, FLIGHT

OPERATIONS, ETC.

. OPERA TIONS

ALL ACTIVITIES INVOLVED IN THE DAY-TO-DAY REPETITIVE EFFORTS REQUIRED TO INSURE A

SYSTEM CAN ROUTINELY PERFORM ITS FUNCTION/MISSION. SUSTAINING ENGINEERING IS

CONSIDERED TO BE A SUBSET OF OPERATIONS, AND INCLUDES ALL ACTIVITIES ASSOCIATED WITH

GROUND TURNAROUND, PRELAUNCH, FLIGHT, AND POST LANDING SUPPORT.

. EXAMPLES OF SUSTAINING ENGINEERING ACTIVITIES:

. GROUND TURNAROUND -WAIVERS, EXCEPTIONS, RCN EVALUATIONS, PROBLEM

ANALYSIS, BUT NOT REDESIGN, ETC.

. PRELAUN<'1!" COFR ACTIVITIES, I-LOADS VERIFICATION, LCC REVIEWS, ETC.

. FLIGHT -MISSION SUPPORT, IFA ANALYSIS, FilE IX ASSESSMENT, MISSION REPORT, ETC.

SUSTAINING ENGINEERING IS BASICALLY A SYSTEM EVALUATION/ASSESSMENT ACTIVITY AND DOES NOT

INClL EMAJOR DESIGN,FABRICATIONORTEST.

.

. ,...,



SPACE SHUTTLE POP 91-... JUDGET RECOMMEND
CANDIDATES FOR PRODUCTION TRANSFERS TO OPERATIONS'

NOA RY M$
RECUM"D

PROJECT PURPOSE . m& FY93 FY94 FY95 FY96 mz XFER

CURRENT PROPOSED CHANGES

RSRM TOOliNG 2.1 0.8 3.8 0.8 4.1 4.1 YES
RSRM' PROJECT SUPPORT 8.3 8.1 8.2 5.3 5.3 5.4 YES
SSME TEST SUPPORT TBD TBD TBD TBD TBD TBD NO
SSME INST ANDPROGRAMSUPPORT 8.8 7.1 7.3 7.8 7.9 8.3 YES
ENG INTO PCASS 5.4 5.2 5.0 4.9 4.7 4.5 YES
ENG INTG IMIC 4.8 4.8. 5.0 5.1 5.3 5.5 YES
ENG INTO SYSTEMS INTEG 1." YES
ENG INTG AVIONICSSYSTEMS ENG 1.1 1.2 1.2 1.3 1.3 1.4 YES
OPS INTG LANDINOSUTEISPARES 2.5 0.8 0.7 0.5 0.3 0.3 YES

OPS INTG LAKEBED STATUS 0.2 0.2 0.2 0.2 0.2 0.2 YES

OPS INTG MISSIONSUPPORT 0." 0.4 0.4 0.5 0.5 0.5' YES

MGMT INT EQ &SERVICES (ADP. COMM&INFOMGMTSYSTEMS) 2.5 1.8 1.7 1.8 1.6 1.7 YES

ENO FLIGHTDATASYSTEMS 1.0 1.0 1.1 1.1 1.2 1.2 YES
(ORB DATASYS SPT - RECONFIGDATAREV&VERIFICATION)

ENG NAV CONTROL AND AERONAUTICS 8.5 8.8 7.1 7.5 7.8 8.1 YES
(MISSIONTO MISSIONSPT: SUBSYSTEMMGMT.,
SAILTEST, SES TEST, I-LOADSELECTIONANDDEFINmON) .

ENG SYSTEMS ENGINEERING 2.7 2.9 3.0 3.1 3.3 3.4 YES
(SES SPT: ON-ORBIT TRAINING&PROCEDUREDEVELOPMENT)

ENS STRUCTURES & MECHANICS (ORBITER AERO EVALUATION) 0.1 0.1 0.1 0.1 0.1 0.1 YES

ENG TRACKING & COMMUNICATIONS 1.7 1.8 1.9 2.0 2.0 2.1 YES
(SUBSYS MGMTSPT: ANALYSIS,OFE, MSBLS,CCTV)

ENS CREW &THERMALSYSTEMS 0.3 0.3 0.4 0.4 0.4 0.4 YES
(ECLSS SUBSYSTEMMANAGEMENTSUPPORT)

ENG PROPULSION &POWER (SUBSYSTEMMGMTSPT: PREFLIGHT 1.7 1.7 1.8 1.9 2.0 2.1 YES
ACTIVITIES, REAL-TIME MISSION SUPPORT, DATAANALYSES)

ENG PROPULSION &POWER (GFE PYROTECHNICS) 0.3 0.3 0.3 0.3 0.3 0.3 YES
MOD MCC UPGRADE 5.0 5.2 5.5 5.7 6.0 6.2 YES

I
T()TAL 62.8 48.3 62.5 49.9 54.3 55.0J

A
. I ,-n.



. .
SPACE SHUTTLE POP 91-2 dUDGET'AECOMMEND

. '(

,~

CANDIDATES FOR OPERATIONS TRANSFERS TO PRODUCTION
NOA RY M$

RECOM'D
PROJECT PURPOSE mg FY93 FY94 FY95 FY96 FY97 XFER

CURREN}' PROPOSED CHANGES

ENG INTEG DEVELOPMENT FOR FLIGHT OPS 6.3 2.3 2,7 2.8 3.0 3.1 NO
ET TECHNICAL DIRECTIVES ALLOW 9.2 8.0 8.4 6.4 6.0 6,5 NO
ORBITER STUDIES AND AN~LVSIS (40 EP'S) 6.8 8.1 6,3 6,6 6.9 7.2 YES
r:NG NAVIGATION CONTROL AND AERONAUTICS 6.4 6.7 6.0 6,2 6.5 6.8 VES

(NEW SOFTWARE DEFINITION & DEVELOPMENT:
GPS/DTO. BASIC ASCENT GUIDE. ASCENT ANALVSIS)

r:NG TRACKING & COMMUNICATION 0.2 0.2 0,2 0.2 0.2 0.2 VES
(ELECTROMAGNETIC EFFECTS-NEW & IMPROVED HIW)

I:NG PROPULSION & POWER (ORBITER ENHANCEMENT TESTING) 1.8 1.9 2,0 2.1 2.2 2.3 YES

I:NG PROPULSION & POWER 0.3 0.3 0.3 0.4 0.4 0.4 VES
(P/L TEST SPT: EVALUATION TEST OF IMPROVED COMPONENTS)

ENG AUTOMATION & ROBOTICS (FLIGHT CREW Ea DEVELOPMENT) 0.1 0.1 0.1 0.1 0.1 0.1 VES

SUBTOTAL 29.1 24.6 24.0 24,8 25.3 26,61

PROPOSED IN 91-1 RECOMMEND

'3SME ATD IMPLEMENTATION 14.8 68.9 87.6 77.9 72.5 87.3

rOTAL 43.7 93.6 111.6 102.7 97.8 93.9I
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